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The Georgia Institute of Technology Engineering Experiment Station
(EL'S) has been funded since 1973 by NASA Marshall. Space Flight Center
(MSFC) to assist the State of Georgia in utilizing Landsat digital
analysis. In support of the Georgia state and local agencies and the
usefulness of Landsat applications, the purpose of this project was to
facilitate a transfer of technology, especially as related to low-cost
Landsat data analysis systems. The major tasks accomplished during
this project are discussed below.
The initial task involved a comprehensive survey of capabilities
for digital processing of Landsat data in the Southern United States.
Included was a review of the software and hardware currently being used
by the southeastern states. Also, information was obtained on the
commercial services used by those desiring to employ a Landsat data
processing service.
As a second task, EES developed a set of minimum requirements
(hardware and software) for a stand-alone Earth Resources Data Analysis
System (ERDAS). The requirements developed in this phase represent a
system that can be constructed at a minimum cost to the prospective
user and can also satisfy the user's basic needs. The hardware for
this system includes a minicomputer, line printer, disk drive, and
tape drive while the software includes basic Landsat analysis techni-
ques -- level slicing, maximum likelihood pattern recognition, clustering,
and software scaling of the data. The primary products from such a sys-
tem are computer printouts and statistics.
Since the user groups supporting an ERDAS system may vary greatly
in size and available resources, a comprehensive plan was developed for
expansion of the basic ERDAS system. This plan details a set of options,
including approximate costs, and discusses the advantages of special
equipment as well as the way that each equipment type complements the
ERDAS concept.
one of the prime concerns in setting up an operational system is
the hardware and software support needed to sustain a satisfactory
operating schedule. Therefore, as the third task for this project, EES,
through experience with its own ERDAS system, developed minimum re-
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quirements for continuing support for such a facility ;software and
hardware). A system such as ERDAS is versatile and is likely to be
used for purposes other than earth resources analysis. It therefore
will be in use most of the time and will necessarily require the
availability of a skilled electrical technician. Software support
may be obtained "in-house" or by contract. Some equipment manu-
facturers have extensive service contracts which prove cost effective.
As the fourth task of the project, EES has assembled a software
library for the digital processing of Landsat and other multispectral
scanner data using, whenever possible, existing techniques from NASA,
the University System, and other public agencies. Software techniques
for maximum likelihood classification, linear classification, clus-
tering, level slicing, registration and rectification, and table look-
up classification are available for implementation into an ERDAS system.
Each module is designed on a user keyword structure so that no detailed
knowledge of programming is needed. Documentation is available on pro-
grams written or changed exclusively at EES with references provided
for other programs. Even though the basic software was developed on
a Data General minicomputer at Georgia Tech, the software library was
designed entirely in Fortran IV and the routines are transferable to
other 16 bit minicomputers.
The final task of the project was the implementation of a limited
version of the IMGRID Geographic Analysis program on the ERDAS system.
By providing this system to state and local users, the aide range of
applications for rectified Landsat data becomes far more evident than
if the system were geared to produce only land cover mc.ps. IMGRID
produces a dynamic modeling tool for site planning, erosion control,
environmental impact, and many other uses.
Report Organization
The remainder of this report discusses each of the five tasks in
detail. Section II discusses the results of the comprehensive survey
of capabilities for digital ; , rocessing of Landsat data in the South-
eastern United States. Section III presents various options for low
2
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cost earth resources processing systems and the minimum requirements
for support of such facilities. Section IV discusses the IMGRID
geographic analysis program. Appendix A contains descriptions of
some of the major software available at EES, Appendix B contains
a listing of the available Fortran software, and Appendix C presents






II. CAPABILITIES FOR AND USE OF
DIGITAL LANDSAT DATA IN THE SOUTHEAST
Numerous individuals and/or organizations who are involved in
the use of remote sensing data in the southeastern states were con-
tacted in order to obtain information on their states ` capabilities
for digital processing of Landsat data. Included is a review of the
software and hardware which are currently being used by these states
as well as information on the commercial services used by those who
wish to employ a Landsat data processing service.
The states involved are: Alabama, Georgia, Kentucky, Missouri,,
North Carolina, South Carolina and Tennessee. A brief summary of
each state's capabilities also includes information on state funded
projects utilizing Landsat data digitally processed by companies or
organizations outside the state.
NASA/Marshall Spare Flight Center (MSFC) has the only current
capabilities in Alabama for digital processing of Landsat data.
Their hardware system consists of an ISM 360/75 with two megabytes of
memory and several discs and tapes and a PDP11 /45 with two 250-mega-
byte discs, three tape drives, and various displays and terminals.
Approximately 375 computer software routines are available including
all algorithms developed by any of the NASA centers. However, very
little analysis of Landsat tapes is actually done with this system at
present.
Georgia
In order to assist the State of Georgia agencies with their desire
to incorporate digital Landsat data into their planning activities on
an operational basis, the Georgia Tech Engineering Experiment Station























Analysis System (ERDAS). EES was responsible for selecting and inte-
grating both the hardware and software components of the system.
Hardware. ERDAS was designed and constructed to allow true inter-
active digital processing of all types of remote sensing data. The
system consists of a set of four modules: (1) minicomputer subsystem,
(2) input medium, (3) hardcopy output- medium, and (4) display sub-
system.
The minicomputer subsystem consists of a NOVA-2/10 minicomputer
with 64K bytes of core memory and a dual Diablo disk system with 5.0
megabytes of storage for programs or data.
The input medium for the ERDAS system is a set of two nine Crack
dual density (phase encoded/NRZI selectable) magnetic tape drives and
controller --- both drives with a capacity for 10-1/2 inch reel tape.
One hardcopy output device is a twenty inch electrostatic dot
matrix printer/plotter. Scaled maps of Earth Resources data can be
made using this device. A CROMALIN (R)
 photographic process may then
be used to generate a color coded output hardcopy product. Another
output method currently in use consists of storing images on a magnetic
tape and sending these tapes to be made into images by the use of a dig-
ital film writer. This method is currently very inexpensive.
The display subsystem consists of a high quality color video image
analysis system that is interfaced to the minicomputer for complete user
interaction in the choice of training samples for earth resources classi-
fication.
Software. Initially, EES implemented a basic Landsat digital
analysis program called ASTEP (Algorithm Simulation Test and Evalua-
tion Program) which was obtained from NASA/JSC and has been extensively
modified by EES personnel. The ASTEP system was designed as a modular
program whereby various classification algorithms may be tested against





Software for the rectification of Landsat data to map coordinates
using a least squares fit of Landsat data to control points was ob-
tained from NASA/MSFC and transferred to the Georgia Tech computer.
Ocher software, such as various spatial clustering algorithms, was
studied but has not vet been transferred. Software for a table lookup
formulation for Landsat classification (ELLTAB) was obtained from
NASA/ERL along with software for rectification, destriping, and polygon
location of Landsat data. A fast combination table lookup and maximum
likelihood classifier from NASA/ERL has been implemented which signi-
ficantly decreases the length of time needed for a scene classifica-
tion. A fast clustering algorithm from NASA/ERL has also been imple-
mented. In addition, many software algorithms for image manipulation,
spatial filtering, rectification, training field selection, and high
speed classification have been developed at EES. EES software exists
for image analysis on UNIVAC and CDC large computers and Data General
minicomputers.
Projects. EES has been deeply involved in the formulation, plan-
ning, and implementation of a Georgia Natural Resources Inventory since
its conception in 1972. During 1972 and 1973, EES presented various
State of Georgia agencies with the background information needed to
make an initial assessment of the usefulness of digital Landsat infor-
mation. A trial project was initiated between the Georgia Department
of Natural Resources (DNR) and EES in 1973 to test the capability for
using digitally processed Landsat data to determine land use in the
Atlanta area.
EES has been funded since 1973 by NASA/MSFC to assist the State
of Georgia in utilizing Landsat digital analysis for various resource
problems within the state. In this multi-year effort, several related
tasks have been performed in conjunction with numerous local and state
agencies within Georgia, including the Department of Natural Resources,






8In 1475 Georgia Tech EES was designated as the technical interface
with NASA/ERL for the transfer of NASA software to the State of Georgia.
Under this technology transfer project EES purchased the necessary digi-
tal processing equipment required for operational processing of Landsat
data. EES then coordinated a project with the Georgia DNR office of
Planning and Research for classifying and mapping land cover for the
State of Georota. Products of the effort assured further acceptance
of digital processing of Landsat data as an operational tool for en-
vironmental analysis.
Probably the best indicator of the success of the technology trans-
fer efforts of this project is the number of agencies which have commit-
ted funds and/or personnel time to a project to map the entire State of
Georgia using Landsat data. This project is concerned with mappf.ng land
cover using Landsat data processed with ERDAS and, where appropriate,
inferring land use.
The agencies which have committed funds to the mapping project
include:
Georgia Department of Natural Resources
Environmental Protection Division
Game and Fish Division
Office of Planning and Research
Georgia Forestry Commission
Georgia Office of Planning and Budget
Bureau of Community Affairs
U.S. Department of Agriculture
Soil Conservation Service
Forest Service
United States Army Corps of Engineers
Fort Benning
Savannah Engineer District
North Georgia Area Planning and Development Commission
Coosa Valley Area Planning and Development Commission
Other organizations which are interested but as yet have supplied
no funds include:
Georgia Department of Natural Resources
Earth and Water Division
Georgia Department of Transportation
Five other area planning and development commissions.
CF.S is currently assisting the Georgia DNR in a geographic data
base demonstration project. DNR manually obtained 30 different data
variables on a 10 acre cell basis for North Fulton County, Georgia.
E?liS is assisting with transfer of the data to the ERDAS system and
analysis of the data using UIGRID and NIMGRID.
In addition to the activities at Georgia Tech EES, the Atlanta
Regional Commission (ARC) was involved in a project to test the
feasibility of using automatic processing of Landsat data to detect Land
use changes in the seven county planning area of the ARC, and thereby
update the USGS/LUDA land use map of the Atlanta Region.
The technique chosen to accomplish the Land use change detection
was the ratioing of two different dates of Landsat data. This was
accomplished at the EROS Data Center utilizing the Image 100 System.
The results of the project indicated that r:ttzoing Landsat data was a
feasible technique for ARC to use in updating the USGS land use maps
of the area. Acc^iracy evaluations showed that 91% of the change theme
was accurate to within about 3 pixels (accuracy sufficient for ARC's
purposes). Additional manual analysis was required to identify
accurately the types of land use changes.
Kentucky
Kentucky is currently developing the capability for in--house
processing of Landsat digital tapes. A few state agencies and
universities have small interactive graphics systems which are capable
of digital processing, but these are being discarded in favor of a
central state computer system. The central system includes an IBM
370/168 MP with 9 megabytes of main storage and various discs. The
Bureau of Computer Services has been established as the central
hardware agency. Their personnel have recently visited NASA/ERL to
obtain compatible software for the system.
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A representative from Eastern Kentucky university recently
attended a workshop at GSFC on a joint Appalachian Regional Commission-
NASA project to apply Landsat to the study of geological lineaments
using GE's Image 100 System. An ORSA package was ordered from GSFC
which provides an offline printout of similar pixels vs. significant
changes, but this is not adequate for final classifications.
Five professors from Murray State University attended a short
course at ERL and had plans to return the end of October for hands-on
experience with digital tapes for strip mining studies in Western Kentucky.
Previous projects in Kentucky include a survey in 1973 by Earthsat
of water impoundments Larger than two acres. The results were not
beneficial because the imagery was taken after a flood and strip mines
appeared as impoundments. However, this led to a Landsat-2 follow-on
study in 1976 for which ERIM provided the digital processing. The
objective of the project was to look at the operations of inspection and
enforcement to detect significant violations of surface mining laws.
Several projects have been contracted with Bendix Corporation for
Area Development (AD) Districts in conjunction with EPA 208 land use
planning programs. Color-coded maps and overlays were provided in 1976
for the Kentuckiana AD (seven Kentucky counties, two Indiana counties)
at 1:48,000 scale. Area tabulations were also provided for each county.
Processing for the Big Sandy AD (Prestonsburg, Kentucky) is in progress
and maps are scheduled for delivery this fall. A contract has also been
signed for the Green River AD (Owensboro, Kentucky) to be delivered in
December, 1977. This project will provide information to meet HUD 701
requirements for land use planning.
Two counties of Kentucky were included in a digital processing
project by Bendix for the Ohio-Kentucky-Indiana Council of Government
(OKI COG). Color-coded maps at 1:62,500 scale and computer tabulations
for each of 229 drainage basins were provided. Also, five counties
centered around Fayette County (Lexington, Kentucky) known as the
10
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Central Blue Grass Region (not an AD district) were mapped for the
Army Corps of Engineers.
The LARS program at Purdue was used to produce a land cover map
of Henderson County in Western Kentucky (part of Southeastern Indiana
COG).
Missouri
According to the final report of a project on Earth Observation
Data Mangement Systems in December, 1976, "few agencies (in the five
state Midwestern region of Illinois, Iowa, Minnesota, Missouri, and
Wisconsin) now have the staff or computer capabilities to handle
digital satellite data." 1
 At the present time, Missouri still has no
capabilities for digital processing of Landsat data. Fowever, the
University of Missouri at Rolla recently received a grant from the
National Science Foundation and has ordered a Comtal Interactive
Image Analysis System which will be used for such processing. Delivery
occurred in early 1978. Software will be obtained from NASA/ERL.
Several Missouri agencies have funded projects for digital process-
ing in the past. A demonstration study of land use in the Ozarks
Planning Region of Southern Missou r i was conducted by NASA/ERL in 1975.2
The Soil Conservation Service in Missouri has digital tapes processed by
LARS/Purdue for water analysis and study of soil patterns. Also, the Missouri
Geological Survey had the University of Kansas in Lawrence process some digital
tapes for an area around Kansas City, Missouri.
North Carolina
Currently North Carolina has no facilities for processing digital
Landsat data although considerable interest exists for establishing a
centralized state system. Several projects have been completed by
Bendix Corporation for EPA 208 planning regions in North Carolina.
Color-coded land use overlays at 1':'96,000 scale were produced using the
Multispectral Data Analysis System (M-DAS) at Sendi.x in 1975 for
lEastwood, et al., "Project on Earth Observation Data Management Systems,"
Final Report, Washington University, St. Louis, Missouri. Prepared for
GSFC, December 31, 1976.
2"A Computer Implemented Land Use Classification Technique Applied With ERTS
Digital Data Acquired Over Southern Missouri," Report number 143, April 1975,
ERL/JSV, A. T. Joyce and J. D. Derbonne'.
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Planning Region 3 (also known as Triangle d -- five counties in central
North Carolina -- Raleigh, Durham, Chapel Mill areas). An additional
product of the analysis process was the generation of statistical data
by 50x50 meter grid cells in data sets corresponding to 54 7-1/2
minute USGS quadrangle maps. Overall classification accuracy of the
land use categories was judged to be around 90% and the cost of
processing the Landsat scene and generating the products was approxi-
mately $4.00 per square mile.
A similar analysis was done in 1976 by Bendix for Planning Region D
in the Northwestern part of the state. Also, analysis of the Dan River
Sub-Basin (Roanoke River Basin) was completed this year for the Corps
of Engineers. NASA had some involvement in the most recent project.
South Carolina
South Carolina has no capabilities at present for digital process-
ing of Landsat data. A proposal has been submitted to NASA/ERL for
projects which may involve digital processing. Previous activities
include a contract with General Electric Company for Image 100 process-
ing of Landsat data to produce color-coded land use maps and area calcu-
lations for three Council. of Government (COG) regions comprising approxi-
mately 25% of the state. Landsat tapes were processed by NASA to produce a
map of the Congaree Swamp area for the Wildlife and Marine Resources
Department. The Land Reserve Conservation Commission and the Bureau of
Mines visited the EROS Data Center for processing of digital tapes for
a study of mining areas in South Carolina,
Tennessee
The only current capabilities in Tennessee for digital processing
of Landsat tapes are at the University of Tennessee, Knoxville. The
facilities are presently being used for image processing projects other
than earth resources, although previously they have been used for Landsat
analysis. Oak Ridge National Laboratory has accomplished strip mining
surveys using some Landsat data.
12
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Bendix Corporation completed a digital processing project on water
resources and strip mining in the New River Drainage Basin in North--
central Tennessee for the Soil Conservation Service in early 1976. They
provided a color-coded map of the Basin at 1:62,500 scale, fifteen
color-cooled 7-1/2 minute quads, computer tabulations, and rescanned-
resampled tapes for the area.
Su [T I' la
Of all the Southeastern states, Georgia is the most advanced in
the use of digital Landsat data. The University of Tennessee at
Knoxville has the capability for digital processing of Landsat data but
no such projects are currently underway. All other states have relied
on NASA or commercial facilities. The most extensive use of digital
Landsat data among these states has been in fulfillment of EPA 20$ and
HUD 701 planning requirements.
The results of this survey indicate that users of remote sensing
data in the Southeastern U.S. are increasingly turning to digital
processing techniques. All the states surveyed have had some involve-
ment in projects using digitally processed data. Even those states
which do not yet have in-house capabilities for digital processing are
extremely interested in and are planning to develop such capabilities.
13
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III. DESIGN OF LOW COST
EARTH RESOURCES DATA PROCESSING SYSTEMS
In the design of an earth resources data processing system there
are many factors to be considered. In some cases potential users
should buy turn-key systems that are currently on the market; in other
cases, users might consider the design and implementation of their own
systems by buying components and assembling the systems using their
own technical expertise. This section deals with alternative systems
that might be considered by users having the technical expertise for
assembly of such a system within their agencies or support groups.
With the appropriate technical personnel available, a significant
cost savings often may be realized by user design and implementation
of systems. At least one part- or full-time computer hardware technician,
one applications software analyst, and several applications programmers
are desirable for all phases of system design. These requirements may be
lessened, however, if sufficient support is available from the various
equipment manufacturers.
Computer software for digital processing of earth resources and
other geographically based data is currently becoming available for
minicomputers at minimal or no cost. Since a significant amount of this
computer software has been developed under government contracts, it is
in the public domain and readily available. Thus the costs involved in
the acquisition of the systems listed here are primaril% the actual
hardware costs. If they are needed, personnel training costs and sys-
tems interface costs are extra.
Figure 2 indicates five alternative configurations for low cost
earth resources data processing systems. At the low end is a nominal
system consisting of a minicomputer, floppy disk, magnetic tape unit,
color terminal, and line printer. The estimated cost range for this
system (depending on the exact components selected) is $22,000 to $45,000.
14
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At the upper end of the range (still, however, at a price signi-
ficantly less than many systems on the market) are systems costing an
estimated $165,000 to $220,000. This configuration, with substantially
increased capability over the lower cost system, consists of a mini-
computer with an array processor, a 46 megabyte disk, dual magnetic
tape drives, a digitizer, a color display, a line printer, and a film
recorder.
In general, as the systems increase in cost, the processing sophis-
tication is improved and the speed with which a data set can be analyzed
increases rapidly. Thus, for users requiring only a low volume of pro-
cessed data, a system in the low or middle cost range might he suitable.
For users desiring a faster processing speed and an increased through
put, a more expensive system might be in order.
The breakdown of the total costs for each system is shown in Table I.
For each system, the high and the low cost estimate for each component
is given. Thus, by selecting particular components with a greater or
lesser capability, systems could be configured that cost anywhere within
the range of the cost extremes given.
To facilitate the estimation of costs for system configurations
usher than those listed in figure 2, the costs of the individual
components are given in Table 11. Using these data, the approximate
cults of many more low cost system configurations could be derived.
Tvpical vendors of such components are given in Table III.
Estimated Cost for ERDAS Support
A minimum cost estimate for the support of the Georgia Tech ERDAS
system over a one year period totaled $2,500. This estimate includes
approximately 400 hours of a resident part-time technician along with
all electrostatic line printer supplies and any additional maintenance
charges incurred when repairs exceeded in-house capabilities.
This estimate is approximately 3.37 of the total cost of the ERDAS
system. As maintenance contracts usually run about 107 of system costs
per year, a significant savings was realized using in-house methods of
maintaining the equipment.
15
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TABLE I. INDIVIDUAL SYSTEM COMPONENT
COST ESTIMATE
• LOW - HIGH
SYSTEM A: TAPE DRIVE $	 5 - 10 K
CPU $	 8 — 18 K
DISK $	 2 --	 4 K
LINE PRINTER $	 5 —	 8 K	 r
COLOR TERMINAL $	 2 —	 5 K
$22 --45K
SYSTEM B: TAPE DRIVE $ 12 — 14 K	 z^,
CPU $	 8 — 18 K
DISK $	 7 —	 9 K
LINE PRINTER $	 5 — 8 K
COLOR TERMINAL $	 2 — 5 K
$ 34 -54K rt l
SYSTEM C: TAPE DRIVE $ 12 - 14 K
CPU $	 8 — 18 K
DISK. $	 9 -11K sl
LINE PRINTER $	 5 — 8 K
COLOR DISPLAY $ 19 --	 23 K
(256 X 256)
$ 53 — 74 K
"I
SYSTEM D: TAPE DRIVE $ 12 - 14 K
CPU $	 8 - 1S K
DISK $	 9 - 11 K
ELECTROSTATIC
PRINTER/PLOTTER $ 10 - 20 K
COLOR DISPLAY $ 30 - 35 K
(3 images 256 X 256)
$69 --98K
SYSTEM E: TAPE DRIVE $ 12 - 14 K	 i
CPU $	 8--18K
DISK $ 20 --	 35 K
FILM WRITER $ 40 - 50 K
ARRAY PROCESSOR $ 40 - 45 K
LINE PRINTER $	 5 - 8 K
DIGITIZER $	 5 -- 15 K
COLOR DISPLAY $ 30 - 35 K
(3 images 256 X 256)
$165-220 K
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TABLE Il. INDIVIDUAL COMPONENT COST ESTIMATE
1) 1 Nag Tape Drive & Controller $	 5 - 10 K
2) 2 Mag Tape Drives & Controller 12 - 14 K
3) 16 Bit CPU with 32 K Memory 8 - 18 K
4) Line Printer 5 - 8	 K
5) Floppy Disk 2 - 4	 K
6) Dual 2.5 Megabyte Drive & Controller 9 - 11 K
7) 10.0 Megabyte Cartridge Disk 9 _ 11 K
8) Electrostatic Printer/Plotter 10 - 20 K
9) Array Processor 40 - 45 K
10) 96 Megabyte Disk 25 - 35 K
11) Color rerminal 2 - 5 K
12) Color Display Image 256 x 256 19 - 23 K
13) Color Display 3 Image, 256 x 256 L8	 -- 35 K
14) Film Writer	 r 40 -- 50 K
20





































IV. THE IMGRID GEOGRAPHIC ANALYSIS PROGRAM
IMGRID, an information manipulation system for grid cell data
structures, is a package of computer programs designed for the analy-
sis of natural resource and land planning data which is qualitative
in its thematic content and varies over geographic space. Originally
developed by David Sinton of the Harvard University Department of
Landscape Architecture, the IMGRID system has been adapted for use on
mini-computers at Georgia Tech.
The IMGRID system has been designed for people having no pre-
vious experience with computers. The basic operations are controlled
with simple keyword commands which may be used with a basic knowledge
of planning principles but without any knowledge of programming. Thus,
a link is provided for easy access and manipulation of digital data
bases. Some typical project applications of the IMGRID system are:
River basin planning
Siting of facilities such as airports
or sanitary landfills
Environmental impact statement review
Visual. Analysis
Project review by regional planning agencies
KEYWORD STRUCTURE
The basic structure for an IMGRID keyword command involves three
processes:
1. Retrieve one or more data elements from the da.a file.
2. Transform or manipulate the values for each grid cell
in the data elements retrieved.
3. Store the new data element created in the data file.
On the Georgia Tech ERDAS, keyword commands are entered on a CRT
terminal, executed by the NOVA II mini-computer, and output either in
color on the Comtal video display, or in black & white on a dot matrix
printer. The data files are usually stored on tape then read into a





The keyword commands fall basically into 9 groups:
1.) Data Entry & Management
Two keywords can be used to enter new information into
the data base:
• STORE - operates on an element (data variable) by
basis. 14hen a new variable, such as a soil type or
slope category is added to the data base for all cells,
STORE can be used.
• UPDATE - operates on a cell by cell basis. If a single
cell changes characteristics for a part--ular variable,
such as a land use change from agricultural to residen-
tial, UPDATE is used along with the row and column loca-
tion, plus the new value of the cell.
Three keywords which are used for data management are:
• RELOC - permits a data element to be moved to a new loca-
tion within the data file, such as relocating the results
of an analysis as a new data element in another location.
• RENAME - allows the name of a data element to be changed
without affecting the contents of the data.
LIST - allows a user to list the names associated with
the contents of part or all of the data base.
2.) Delimiter Keywords
• MODEL - used as a first keyword in a sequence of keywords
defining an analysis. The primary function of MODEL is
to assign a title to subsequent analyses. It also includes
the function of the CLEAR keyword.
• CLEAR - clears the results of operations performed by pre-
vious keywords.






SYMBOL - allows a user to enter a specific set of charac-
ter symbols to be used when mak-?ng a map display.
• MAP - makes a graphic display of the contents of a data
element in the file. This can be a data variable such as
a NEAP of a slope, or of the results of an analysis such as
vulnerability to soil erosion.
TEXT - premits user to insert textural descriptions of
the procedures being undertaken.
4.) Spatial Analyses_
• SEARCH - generates a set of values which identify the proxi-
mity of each cell in the study area to a specified condition,
such as roads, rivers, or airports. The analysers determines
how far eery other location is from the preselected data
items.
• ASEARCH - operates on a cell by cell basis examining for a
prespecified radius, the conditions around every cell, or a
defined subset of cells in the study area, such as how many
cells of wetlands are there within a five cell radius of a
landfill.
5.) Resealing or Restructuring of Data Values
• RECODE - assigns new values to an old set of values for a
data element, such as recoding an old set of values for
element "land market value" to reflect land use or tax policy
changes. Recode assigns values in the range of 0-9.
• XRECODE - an extended recode which assigns values in the
range of 0--19. The RECODE keywords assign the last value
specified in the case where multiple elements are being
combined with different value scales.
• OVERLAY - assigns the highest value, rather than the
last value, when multiple elements are being combined.
The system will over-ride the values assigned on the
first element if the new values generated by the resealing
are greater than the previously existing values.
6.) Logical Combinations of Elements
MATRIX - results in a series of values which identify
each of the possible combinations of features, such as
the highly erodible soils on steep slopes.
7.) Reject Conditions
REJECT - permits the user to identify a group of cells
which must be ignored ("dropped out") in all analysis
and display of the data, such as rejecting unstable soils
in an analysis for siting a large industrial complex.
8.) Mathematical Manipulation of the Data
MULTPLY - allows user to multiply the values in one data
element by the values in a second data element.
• INDEX - generates a weighted index of several data elements
and also provides for addition and subtraction.
NORMAL - takes data values over large ranges and normalizes
Chem to the range of 0--99.
REDUCE -- generates values in the range of 0-19.
9.) User Written Fortran Subroutines
USERSUB - allows user to write a Fortran subroutine to
perform any set of computations that is desired and call
that subroutine through the USERSUB keyword.
Figure 3 shows an example of IMGRID output where elements of
slope, depth to water table, soils, vegetation, proximity to roads,
and travel time were weighted, overlaid, recoded and mapped to pro-
duce an attractiveness model for industrial parks. The darkest cells
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Because of the large size of IMGRID and the limited address space
of a 16 bit computer, a method was devised to partition the IMGRID pro-
gram into independent subroutines. Each subroutine corresponds to a
keyword in the above discussion. By making each major subroutine an
overlay, IMGRID was implemented on the NOVA 2 minicomputer. A core
part of the IMGRID program resides in the computer at all times, and
when a particular keyword is selected, only programs that provid q that
function are loaded into the main memory of the minicomputer from disk
storage. While some delay occurs in the program execution due to the
overlay procedure, the time required is negligible compare- 7: to the
execution time of the analysis modules.
The structure of the minicomputer DIGRID program allows two data
variables in a format of up to sixty elements by sixty elements to be
analyzed at one time. In the Atlanta, Georgia area, this array size
is sufficient to represent data for a USGS seven and one half minute
quadrangle in approximately ten acre elements. For a large area,
therefore, data for a data set of the whole area would have to be par-
titioned into segments dependent on the selected cell size.
All keyword functions with the exception of the search algorithms
could easily be performed on such a segmented data set. Any application
for which a search from some criterium is specified, however, would en-
counter problems when needing to search beyond the boundaries of one
data segment. In addition, the normal mode of operation for IMGRID is
execution in a batch runstream in which a set of input data is required
in special formats. While this method is sometimes desirable when
using cards as input to a large computer, an alternate interaction
method should be considered when dealing with minicomputers where the
user has direct contact with the computer itself and he may often be
the only user using the system at one time.
In an effort to alleviate some of the difficulties given above a
new minicomputer version of IMGRID, called NIMGRID, has been developed
at EES. NIMGRID reflects to a large extent the program philosophy of
the original IDIGRID program regarding types of functions performed on
28
the data base, but a new philosophy of data storage and retrieval and
program interaction was implemented in early 1978. The data storage
philosophy envisions each data variable as being represented by a
raster data set which is only constrained by the disk space available
to the user of a particular system. The data are processed on a line
by line basis, and even for the search algorithm, only two lines of
the data set are needed in the computer at one time. While this
method involves many more input/output operations than the IMGRID
method, very little degradation in preformance has been noted in com-
paring NIMGRID and IMGRID.
The prime advantage of this storage and retrieval philosophy is
that the size of the data set that may be processed by a user is vir-
tually unlimited. Also, searches may be made over large areas without
problems associated with crossing data segment boundaries. Another
virtue of the NIMGRID system is that the program has been made inter-
active. Prompting of the user occurs, giving him all possible choices
and asking him to select the desired command. No knowledge of FORTRAN
and very little knowledge about the particular minicomputer is re-
quired of the user. Although NIMGRID is still under development,
applications personnel from the Georgia Department of Natural Re-
sources are currently using the program at RES with ease.
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APPENDIX A
DESCRIPTION OF MAJOR SOFTWARE
RELATED TO IMAGE PROCESSING AND








	 SEL 32/55, CPC Cyber 74
SPECIAL PERIPHERALS: 2 Tape Drives
Disk Files
PURPOSE: RECRAW uses a first order transformation matrix from COORD
to resample raw Landsat data by a selectable nearest neigh-





COMPUTER:	 Data General NOVA 2, CDC Cyber 74, SEL 32/55
SPECIAL PERIPHERALS: 2 Tape Drives
Disk Files
PFRPOSE: RECCL uses a first order transformation matrix computed by
COO RD to resample Landsat classified data using nearest
neighbor and format the data into a Latitude—Longitude or
UT coordinate system.
i^
GU:• 1'L'TER:	 Data Gcneral 'NOVA 2,CDC Cyber 74
SPECIAL PERIPHERALS: Caicomp plotter or printer/plotter
Disk Files
PURPOSE: 3DP€.OT provides a perspective view of three dimensional
data (z = f(x,y)). Viewing angle and scaling may be spe-
cified by the user. This technique is especially useful




PROGRM-1 NAME:	 MA X18 (N*ASA/ER1,)
LANGUAGE:	 FORMV; IV
COMPUTER:	 SEL 32/55, CDC Cyber 74
SPECIAL PERIPHERALS: Two Tape Drives
Disk Files
PURPOSE: MAX18 was developed by Ronnie Pearson of NASA/ERL (Slidell,
Louisiana) as a fast classifier of' Landsat MSS data. The
program is a combined table look-up-maximum likelihood type
of classifier which uses the best points of each technique.
Instead of creating a look-up table defining the boundaries
of statistical distribution of signatures, this technique
iterates quickly through the data building a table of where
in channel space the majority of the data in a Landsat scene
lie. Then, these vectors are classified using a ma yimur like-
lihood scheme. A second iteration is made through the data
for classification. Each pixel of MSS data is checked to see
if the data vector associated with that pixel is in the already
classified data table. If so, the classification is derived by
simply indexing into the classified table. If the data vector
has not already been classified a maximum likelihood decision
rule is used. There is a distinct trade off between araaunt of
storage and speed of classification. On the SEL machine
Landsat scene mar be classified into 60 classes in 1. - 	2 hours.
PROGRikki N.NME.	 DFFT
I-A, t:^Gi :	 FORTR.0-; IV
COMPUTER:	 Data General. NOVA '?, CDC Cyber 74
SPECIAL PERIPHERALS: : •1agnetic 'lane Drives
Dist: Files
PURPOSE: 2DFFT performs a two dimensional Fast Fourier Trans`or:;ran
image data. Options in the program include:
a) Forward transform
b) Inverse transform
c) Image filtering by specification of













Data General NOVA 2
SPECIAL PERIPHERALS: Image display system and 1 tape drive
or 2 magnetic tape drives
PURPOSE: FIL ZR is a program whose concept was taken from a technique
used at USGS, Flagstaff, Az. for high frequency enhancement
of image data. The basic method involves taking a windowing
approach to create a low pass filtered image and subtracting
that image from the original image. The resultant is essen-
tially a 'nigh pass filtered image. B% adding the high pass
filtered image to the original image the high frequency en-
hancement is achieved.





CDC Cyber 74, NOVA 2 (Date General)
SPECIAL PERIPHERALS: Disk Files
PUPPOSE: I:::	 __: ? s a general purpose geographic data base manipulation
prc__a: developed by the Harvard University Graduate School of
l.a..=-;an-_ Design.
	
This program provides for manipulation of
data variables related to tilt same geographic area
and in a =idded format.	 Spatial searching, statistics genera-
tion, and modeling via -ultivariable weighting paramecers are
,cv :. its analysis capabilit y .	 Visual and environmental impact
ana; =:s are two uses of such a .,vsre-.
PROGRAD, NAME: TOPO
LANGUAGE: FORTRAN IV
i:01MU'CTER: Data General NOVA 2
SPECIAL PERIPHERALS: tape Drive
image Display
PURPOSE: After breaking down the NCIC topographic tapes into NOVA 4096
record blocks with the CDC Cyber 74, TOPO unpacks and displays
the data on the imaging system. Various scales may be represented
by selection of parameters in the program.
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LA1UAGE:	 FORTRAN IV
COMTER:	 Data General NOVA 2
SPECIAL 'PERIPHERAL,$: 	Image display system and 1 tape. drive
or ? magnetic tape drives
PURPOSE:
	 FILTER is a program whose concept was taken from a technique
used at tSGS, Flagstaff,, Az. for high frequency enhancement s
of image data.	 The basic method involves taking a windowing
approach
-
to create . a lots .pass filtered image and subtracting .
that image from the original image.
	
The resultant is essen-
tially a high ;pass filtered image.	 By adding the hi gh pass
filtered image to the original image the high frequency en-
hancement is..achieved. i
PROGRAM NAME.	 IMGRID	 (Harvard U.)
LiVGUAGE:	 FORTRAN W
• :
COMPUTER:	 CDC Cyber 74, NOVA ? (Data General)
SPECIAL PERIPHERALS: 	 Disk Files
PURPOSE:
	
I' u RID is :a general purpose .geogravhlc data base manipulation
pro__an developed by the Harvard University Graduate School of
4:aacscape 'Design.	 This program provi des for manipulation of
mul r-fpI.e . data variables related to the same .geographic area
ani _n G : Cridaea format.	 Spatial searehins, statistics genera- j
tion , and modelinc via mul.tivariable weighting parameters are
rev-	 z its analysis capability. 	 Visual and environmental impact
anal -wis are two uses of such a. system....
:











PURFOSE:	 After breaking dar^rn the NCIC topagraph3c tapes into NOVA 4096
a
record blocks with the CDC, Cyber 74,'TOPO unpacks and displays
the data on the imaging system. 	 Various scales may be represented







COMPUTER:	 Data General NOVA 2
SPECIAL PERIPHERALS: Tape Drive
PURPOSE: SCORECARD performs a maximum likelihood classification on
specific polygons within a data set. This is used to eva-
luate accuracy of classification by comparing the classi-





COMPUTER:	 Data General NOVA 2
SPECIAL PERIPHERALS: Tape Drive
Image Display
PURPOSE: THERMAL is a program designed to unpack and displa y digital




COMPUTER:	 Data General NOVA 2
SPECIAL PERIPHERALS: Image Display
Tape Drives
PURPOSE: CHAN24 unaacks data from the Bendix 24 channel aircraft
scanner and reformats the data such that single channels







Cc ►iCf'C"I'r3i(S) :	 Data	 General .NOVA
SPECIAL PERIPHERALS:	 ? Tape Drives
Disk
F
PURPOSE:	 MGQCL uses a ma::imum likelihood decision rule to classif y {
Landsat data into one of up to sixty classes for which
means and covariances are available on a disk file.	 Thresh--
olds (probability of correct classification) are output for
each record of data.
	 This program is a record by record
classifier.	 One record is read fron tape, classified, and
then written to an output tape before the next record is
processed.
P ROCP' Am tiAML :	 ASTEP wa
LANGUAGE:	 FORTRAN IV
CO'•[PUTEI::	 CDC Cyber 74, L':;IVAC lJ08
SPECIAL PERIPHERALS: Tape Drives
Disk Files
PURPOSE: ASTEP is a general purpose earth resources analysis program
developed by TRW Systems for NASA Johnson Space Center. The
acronym ASTEP stands for Algorithm Simulation Test and
Evaluation Program. The program is of modular construction
with standardized input-output such that they are essentially
transparent to the user. Different classification, clustering,
statistics generating, or feature selection algorithms may be
tested against one another with a minimum of programming change
to the whole system. In addition to its usefulness as an al-
gorithm test bed, ASTEP has been used effectively as an opera-











SPECICAL PERIPHERALS: 1 Tape Drive
Disk Files
PURPOSE/DESCRIPTION: SEARCH is a program developed by Ronnie Pearson of
NASA/ERL for unsupervised development of signatures
for use in a maximum likelihood classification scheme.
A 3 x 3 or 6 x 6 pixel moving window is used in a
single iteration through the raw Landsat data to form
candidate signatures. A maximum number of acceptable
signatures is specified and a divergence criterion is
uso^d for merging, splitting, and selection of signa-
tures. This program normally takes approximately one
hour for development of signatures for one Landsat
scene. Auxiliary programs are available for intui-
tively assigning color values for each class for use on
a color display based on a two dimensional plot of the
signature means for channels 2 and 4 of Landsat MSS
data.
PROGRAM. NAME: 	 COORD
LANGUAGE.:	 FORTRAN IV
COMPUTER(S): CDC Cyber 74
SPECIAL PERIPHERALS: Disk Files
PURPOSE: COORD accepts pairs of Latitude-Longitude or UTM. coordinates
and Landsat pixel coordinates for Ground Cortrol Points(GCP)
and computes a least squares fit of the transformation matrix







COMPUTER(S):	 Data General NOVA 2, CDC Cyber 74
SPECIAL PERIPHERALS: 2 Tape Drives
PURPOSE: CLUSTER is a sequential clustering algorithm which creates
an unsupervised classification of Landsat or aircraft multi-
spectral scanner (MSS) data using a Euclidean distance measure
as a decision criterion. This system decides how many "different"
types of land cover there are in a MSS scene. This system is
dependent on user input parameters which specify the criteria
for number of clusters, merging, creation of new clusters, and
exclusion of clusters. This technique is often used to define
training fields for supervised classification.
PROGRAM NAME:




	 SEL 32 /55
SPECIAL PERIPHERALS: Z Tape Drive
Disk Files
PURPOSE/DESCRIPTION: CLUST is structurally similar to the SEARCH program
for unsupervised development of class signatures.
CLUST, however, uses a Euclidean distance measure
in its sort and merge control logic for clusters.
CLUST is often more useful than SEARCH in very broken
terrain where fields of 40 acres are not common.
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PROGRAM NAME:	 SUPERG (NASA/ERL -- Marcellus Graham)
LANGUAGE:	 FORTRAN IV
COMPUTER:	 SEL 32/55
SPECIAL PERIPHERALS: 2 Tape Drives
Disk Files
PURPOSE/DESCRIPTION: SUPERG is a rectification program for Landsat MSS data
which includes 2nd order mirror corrections into a
Least squares determination, of a covariance matrix for
conversion of Landsat pixels into a UTM coordinate
system. The data are resampled along scan lines to
satisfy scaling considerations and the output file
contains new pixels which are directly related to
the UTM system. Between 10 and 30 Ground Control.
Points are suggested for complete determination of
the transformation. Rotation of the data to true





COMPUTER:	 Data General NOVA II
SPECIAL PERIPHERALS: COMTAL Interactive Color Video Display (3 images)
Magnetic 'Pape Drive
Disk Files
PURPOSE: TRAIN is an interactive training field selection and statistics
generation program for Landsat digital analysis. In conjunction
with a video display system with a cursor or joystick, a subset of
a Landsat image may be selected by drawing an arbitrarily shaped
polygon (up to 100 vertices) around an area on the display screen.
The program keeps track of position on the input Goddard format
CCT and calculates the normal statistics (mean and covariance)
of the selected training fields. Histograms of the multivariate
distribuitons are displayed on the display screen and the mean
and variance, polygon vertices, and histograms may be saved on
a disk file. The program acts in a question-answer mode which
requires no knowledge of computer languages by the user.
A parallelopiped classifier is also implemented in this pro-
gram-which will classify a 256 x 256 element scene for one class










C	 THIS ROUTINE ADDS SPECIFIED SIGNATURES	 }
C	 T4 FORM NEW TIE AN AND COVARIANCE
C
C	 SEQUENCE: ADDSIGN INPUT SIGFIL NEWSIG
C
C
C	 CREATED AT GEORGIA TECH EMS=
C	 ^^
C	 PROGRM2JE- R: NICKOLAS L. FAUST	 ^=
C^::^;: ^^aC:I::?::Y:1::1::P:^;*:l::I:?;::f::k^:C^=k:?::?::Yn :I::i:;?::3::1::I:^::i::?:wwa;:t:N:ry :3;:?::f:^:?:•-;;y:>l:^=k:3:%Y.^::?::.?::;::I::(::.::?::?::;::?::I: ::I:X::f::;::;::::
DIMENSION COV1(4 1 4),COV2(4,4),NUM1( 12),NUt12( 12), IORDLIR(60)
DIMENSION ID(6) ,MM-AN(4,60) ,BCOV(4,4,60), 11(30) . 12(30) , 13(30)
D I DIENS I ON NP( 64) , NAPI1(60) , NAZI3 (60) . NM13 (60) , NA1414 (60 )





C	 CON.AR.G AND OPEN STATEMENTS
C
CALL OPEN( 1, "CON. C11", 1, IERR)
CALL COwYARG( 1, 11, ISW, IERR)
CALL COPfAR^G( 1, 11, ISW, IERR)
CALL CONARG( 1, 12, 1SW, IERR)
CALL CODIARG(1, I3, ISW, IERR)
CALL OPEN(2, 11, 0, IE)
CALL FOPEN(4, 13, "B")
C
C
TYPE " INPUT NEWSIG NAME








DO C.T= 1, 4).
V111(J) =AME, AN(J, 1)
DO (L=1,4)












Vls2 (J) = MEAN (J , XP 1)
DO (L=i,4)











VI,I(1) = VIWI l (I )
.FIN
I^ITEt IP,2f}1}Ni,N2,N3,N4
WRITE( IP) NUM! ( 1) , V11, COVi
DO (L=1,6) ID(L)=0
WRITE BINARY(4) ID
IfI I"IE B I NARY(4) N 1, N2 , N3 , N4









c THIS SUBROUTINE ALARMS 1 CLASS ON THE C OP1TAL
C COMESPONIIING TO THE LAST SIGNATURE, 	 ^=
c IT ALARMS TO GRAPHICS OVERLAY #IOV
:
C :!
C CREATED AT GEORGIA TECII EES
	 "=C :t:
C PROGRAMERS:	 N 1CKOLAS L. FAUST
C ROBERT A. PIADDOX
C x:
SUBROUTINE ALRX2( IOV)
DIMNSION IPIIN(4) , IPIAX(4) , IM(0: 255, 3)
COMMON/DTRANS/ IPFAGI (0: 255) , IlM(0 : 511, 4) , IPIAG(0: 511)
COPIPl0N/Hl8T)I/IuOUNT(4, 100)
EQU I VALENCE (I Xa , IX2)
DO ( I=n, 15)	 IPIAG( I) =4
DO ( 1=0,255) CALL GWR( IOV, I, IP7P_G, 16)
DO (I=1,4)
.	 DO (J=1,100)
•	 IF( ICO-t NT(I , J) . GT. 0) GO TO 30
30 CONTINUE
=	 ININC I) =J
-	 DO (JJ= 1, 100 )
-	
N=101-JJ





IP£IN1 = IPIIN( 1)
IPIIP72= IPIIN(2)
IPIIN4= IPIIN(4)




CALL IM(0 , K, IMAG( 0) , 128)
•	 CALL IPIRD( 1, K, IPI.G( 128) , 128)
•	 CALL INRD(2, K, IPIAG( 256) , 128)
CALL UPACB( IPIAG,
	 IX2( 0, 1) , 384)
DO (L=0,255)
.	 IPJAG1(L)=0
IF (IX2(L, 1) .LT. ININI) COTO 70
•	 :	 IF (IX2(L, 1) .CT. IMAXI) COTO 70
•	 :	 IF (IX29 (L,2) .LT. IYIIN2) COTO 70
.	 IF ( LIW L, 2) . GT. INAX2) COTO 70
IF ( IM(L, 3) . LT. IPIIN4) COTO 70
.	 - IF (IX2(L, 3) . GT. IDIAX4) COTO 70
I1IAGI.(L)=1
70 :	 :	 CONTINUO
..FIN
CALL PACB( IP'IAG1, IXAG, 16)
 S  L t`-CALL GWR( IOV, K, IPIAG, 16) ORJGIIIAL
,. . FIN









C COMPUTES THE DISTANCES AND ANGLES BETWEEN A SET OF
C VECTORS OF ARE I TARP D I PIENS I ON ^=
C ^:
C DESCRIPTION Or PARAP.IETERS %k
C
C. INPUT: :Y
C CALLING SEQUENCE x;
C VPI — NVPI VECTORS OF D I PANS ION ND , STORED BY COLMINS x:
C NVPI — NUPIBER OF VECTORS
C ND — DIMENSION OF EACH VECTOR
C IDISF — . EQ. 1 COMPUTE EUCLIDEAN DISTANCE
C .NE.1 COMPUTE L1 DISTANCE x:
C OUTPUT
C CALLING SEQUENCE
C R — AN NVPI BY NVII PLATRIX WITH I TH - J TH ELEMENT
C CORRESPONDING TO I TH — J TH VECTORS AND EQUALS ANGL





C CREATED AT NASA/JSC
	 (ASTEI P) x:
C %k
SUBROUTINE ANGDIS(WI, NVPI, ND, ID ISF, R)
DIMENSION VPI( NI), NVPI) , R(NVbl, NVPD
N = NVPI — I
DO 20 J = I,N
R.(J,J)	 =	 0.
I1 = J + I
DO 10 I =
	 I1,NVM
IF( IDISF.EQ. 1) GO TO 5
D=O.
DO 4 IC I , ND
4 D=D+ABS(VM( K, J) —Vfl( K, 1) ]
GOTOS
5 CALL ED IST( VPi( 1, J) , VPR 1, I) , ND, D)
6 CONTINUE
CALL ANGLE(V U 1, J) , VM( 1, 1) , ND, A)













C ANGLE	 ( SUBROUTINE)CC PUR."OSE:
C COMPUTES THE) ANGLE BETWEEN TWO VECTORS OF MWITARY =t:C DIMNSIONC •;-
C DESCRIPTION OF PARMIETERSC :1,
C INPUT
C CALLING SEQUENCE
C VI — I ST VECTOR y;
C V2 — 2 ND VECTOR
C ND — DIMENSION OF V 1 AND V2C •;•C OUTPUT
C CALLING SEQUENCE
C A — ANGLE BETWEEN 'V1 AND V2 IN DEGREESC
Cx: ::=^^': x::t•.Y:?;:i::;:^`::k:r^,:::^:Y:^:S:Y: : ^::t.n -1::ky :t:•;`;:k^:^::i: : ::"x: c:, ::k^k^ :k .^ ?:y::t:x: f:n Y::t:R: ,"• ":t:^::r:l:^::^:.y::;:Y::?=
C
C CREATED AT NASA/JSC	 (ASTEP) a:C
G^::K:t;^:^•^:Y:^:.`t:;t: :.^:,L•%(:;:l:y:S,L'y::t::t:Y::t.:^:.",:%1::;;Y::t:::Y::t::t=:t::l:^:^:^;^;:i :i::i::I:::l;:j:^:^::^:t=^:f=:;: t:.y:.;::t:`^::;::;: :t::r::=^::^%t::k^::Y.:;::t::t:
SUBROUTINE ANGLE ( V1, V2, ND, A )




DO 10 I =	 1,ND
D1 = DI + VI(I)**2
D2 = D2 + V2( I)**210 A = A + V1(I)*V2( I)
IF C D l. EQ.0.0 .OR. D2.EQ.0.0 )
	 GO TO 20
A = A/(SQRT(D 1) *SQR .T(D2) )
A = 57.29578*ACOS( A )
15 RETURN










C DESIGNED TO OUTPUT CLASSIFIED TAPE IN PATTERN FORMAT :t=
C TO DISPLAY ON THE JER.SATECC
C SEQUENCE:
	
AUT0811Z MTUTsF INPUTFILEC ^
C
C CREATED AT GEORGIA TECH EES
C :K
C PROGRAM MR:	 XICYAEL I). FUMMNC x
INTEGER. l^TAG( 180) , ITAPE( 10) , IOUT( 360) , IORDER.( 25, 15) , ISW(2)
INTEGER. NC ( 25) , IWOPM 4 100) , INAG3f 180) , II'IEH(0: 255) , IIIAG4( 360)
INTEGER I'4tORK1( 360) , IWOIUM 360) , IWOMM( 360) , I TIORK4( 360)
INTEGER IWOI	 ( 360) , WORK6 ( 360) , IWORK7060) , IWORK- B( 360)
INTEGER IIqORK9( 360) , IWOM00( 364) , IWORK11 ( 360) , IWORKI2( 360)
INTEGER ITMS( 15, 4()) , II+LD( 10)
EQUIVALENCE (I WORK(1) , I WORK1 t 1) )
EQUIVALENCE (IWORK( 359) , I TVOIM (1) )
EQJI FALENCE (I `ti`ORM 717) , I WORT<3 ( 1) )
EQUIVALENCE (IlgORK( 1075) , IWORIC4(1) )
EQU I VALENCE t MOM( 1433) , IWORIM) ( 1) )
EQU I VALENCIa ( I TIORM 1791) , I WORK6 t 1) )
EQUIVALENCE ( IWOMM2149) , 1WORK7f 1) )
EQU I VALENCE (I YORK( 2507) , I WORK$ t 1) )
EQUIVALENCE ( IWOPM 2865) , lTg0RK9 ( 1) )
EQUIVALENCE ( I Tf0RK( 3223) , I WORKI O (1) )
EQUIVALENCE (INORM 3531) , IWORK11( 1) )
EQUIVALENCE ( II ORK(33 39) , IWORK12f 1) 3
COMON/DUDV ID( 165) , IWORK
DATA ID/
10,0,{3,0,0,0,0,0,0,1),0,
20, I76K, 102X, 102K, 102IC, 102X, 102K, 102K, 102K, 176K,0,
3(3, 0, 176X, 176K, 176K, 176K, 176K, 176K, 176K, .0, 0,
4300K, 3400, 160K, 160X, 60K, 30K, 14K, 16K, 161 , 7, 3,
5176K, 74K, 30K, 0.2€31K, 303IC, 201K, 0.30K, 74K, 176K,
6303K, 303K, 303X, 303K, 0, 0, 0, 303K, 303IC, 303K, 303K,
730K, 30X, 30K, 30K, 30K, 30IC, 30K, 30K, 30K, 30K, 30K,
830K, 30K, 34K, 30K, 377K, 377K, 377K, 30K, 30K, 30K, 30K,
93, 7, IGK, 16K, 1.4I,--, 30K, 60K, 160K, 160K, 340K, 300K,
132?K,301X,241K,231K,231K,231K,231K,231K,205K,203X,377K,
1201K, 303K, 347K, 176K, 74K, 30K, 74K, 176K, 347K, 303K, 201K,
2374K, 370K, 361K, 361K, 36310, 347K, 317K, 217K, 217K, 37K. 77K,
377K, 37K, 217 K, 217K, 317K, 347K, 363K, 361K, 361K, 370K, 374K,
4377K, 377I(_, 377K, 303TK, 303K, 303X, 303K, 303K, 377K, 377K, 377K,
5377K, 377K, 377K, u77K, 377K. 377K, 377K, 377K, 377K, 377K, 377K/
CALL OPEN( 1, "COPT. CPI" , 1, IERR.)
CALL COPIAM 1, TTAPE, ISW, IERR)
CALL C°OMARG( 1, ITAPE, ISW, IERR)
CALL CODMRG( 1, IFLD, ISW, IERR)
CALL FOPENM IFLD, "I3")
IO=3
CALL PITOPD(2 , ITAPE, 0, IE)
DO (I1=1,25)
DO (12-1,15) I ORDER(I 1, 12) = 0
.FIN




TYPE "NAP PORTION (1 - 12) ", IANS2
READ( IO) IANS2
TYPE "LENGTH OF DATA
READ( IO) IST
IEND= IEL+359
IF (IIND. GT . 4100) IEND-4100
TYPE "PRODUCE OVERALL HAP? (1='YES)
READ( IO) IANS
TYPE "NUIMER OF GENERALIZED CLASSES
READ(IO) IGEN
DO (I=1, IGEN)
TYPE "INPUT CLASS DESCRIPTION r'
READ( I0, 1.01) ( HIES(I,K) ,ICt- 1,20)
TYPE "NUMBER OF SUBCLASSES
. READ( 10) NC( 1)
NCI=NC(.I)
TYPE "INPUT SUECL_ASSES
READ( IO) (IORDERE I , Ii7 , I 1: NC1)
IF (I - NE. IGEN) TYPE "NEVI' GROUP"
.FIN
50 DO ( 1= 1,258) IM4G2(I)=0
DO t I=1, 1F@) IM4G3( I) = -1	 -
DO (1 =0,255) INEDIt =0
VIRITE( 12)
L2=154
DO (I=1, ILINE) CALL HTDI0(2, 0, IWORE2, IS, IE, IC)
IF (IANS.Ea. 1)
s DO (I=1, 180) TOUT( 1) =0
DO (M5=1, IGEN)
. L3=NC(M5)
DO (J2= 1, L3) IPlEX( IORDER.(M r J2)) =L2
TiLITE( 12, 100) ( INES(PI'a,K) ,%1,2©)C IORDER.(M5, I) , I 1, La)
DO (J=1,11)
I OUT( 15) = ID(L2+J)







•	 ORIGINAL PAGE I-
OF POOR QUALITY
DO (Ml = l , IGEN)
: IF (I INNS . NE . 1)
L3=NC(If1)
IiR.ITE( 12, 100) (IMES011, ED,K 1,20) (IORDER(K.1, 1) , I=1,L3)
. DO (1=1,180Y IOUT( I) =0
DO (I = 0,255) IDIEMt I)=0
DO (J=1,11)
. L2= 154
- DO (J2= 1, L3 )




CALL MW I OUT, 180 )
.FIN
'{MITE( 12)
DO (I = 1,8) CALL PITS( IMAG3, 180)
DO 012= 1,  IST)
. DO (I= 1, ITH)
.	 CALL PITDIO(2,0, IIfORK, IS, IE, IC)
.	 IF (IC.LT.5) GOTO 55
.FIN
.	 CONDITIONAL
• (I ANS2 . Ea. I) CALL AUTEC C IWORK1, IMEM, 11)
( IANS2. Ea. 2).. CALL AUTEC( IWORK?, MEN, 11)
( IANS2.. Ea. 3) CALL AUTEC( IWORK3, IMEM, 11)
( IANS2.EQ-4) CALL AUTEC( IWORK4, IMEM, 11)
( IANS2 . EQ. 5) CALL AUTEC( IWORIC5 , IND, bl, 11)
.	 t I ANS2 . Ea. 6) CALL AUTEC( I WORK6 , INEN, 11)
( IANS2.EO-.7) CALL AUTEC( IWORICZ, IMEM, 11)
. (I a.NS2. Ea. 8) CALL AUTEG( IWORIC8, IMEl'I, 11)
.	 (IANS2 . Ea. 9) CALL AU'ITC( IWORI0 , IMEM, 11)
( IANS2. Ea. 10) CALL AUTEC( IWORK10, IIMl l 11)
.	 ( IANS2 . EQ. 11) CALL AUTEC( ITVORK11, INEM, 11)
.	 (I ANS2 . Ea. 12) CALL AUTEC( I WORK12 , IME, DI, 11)
.	 .FIN
55	 DO (1=1,11) CALL A1T.X( INAG3, 180)
DO (1=1,700)
DO (J= 1, 360) IOUT(J) » ID( 1)
DO (N10 = 1,1100) N11=N10
CALL PAC8( IOUT, IMG, 360)
.	 CALL W& 10 UT,  180 )
.FIN
. CALL I'MIO(2, 10000K, MORK, IS, IE, 10)
DO (I = 1, ILINE) CALL MMIO(2, 0, IWORK2, IS, IE, IC)





DO. ( 1=1 , 10) KITE( 12)
SWOP FINISHED







C UNPACKS AND REFORMATS BENDIX 24--CHANNEL DATA FOR DISPLAY
C
C SEQUENCE CHAN.94 MTU: F DITU: F +-
C %^
C --
C CREATED AT GEORGIA TECH EES
C ^(
C PROGRAMM i.: 	 MICHAEL D. FURMAN
C :(:
C^ ^:i;.;^%E^Cx;:3;5;;:;:^::^`C:;:=l^^:^::("-^;:k^^^%i^^:}^=::^:;::i;=k^C:C.^^C•J,:^';:r;"y;S;:^::;::;:^;5(::j::(;:i::i=:i::(::(C:i::;::(;:E::(;:?t:r:i^ ^;::;:;::(:.(::k:;;y::^_:i:
INTEGER IDATA( 4100) , INAG( 512) , IHAG2( '56),  ITAPEI(5) , ITAPE2(5)
INTEGER. II-TORK(256) , IHEAD(30) , iX(3) , IY(3) , 18W(2)
COMI'ION IX, IY
EG-UIY<ALENCI, (III(1),IK1),(IX(2),IX2),(IY(1),IY1),(IY(3),If3)
CALL OPEN( 1, 11 COD1. 01411 , 1, IERR)
CALL COZlARG( 1, ITAPEI, !SW, IERR)
CALL COIARG( 1, ITAPEI, ISIS, IERR)
CALL CONARG( 1, IT_APE2, ISW, IERR)




10 FORPIAT( I N 	 12, "/", 12,	 12)
11 FOMLAT( IX, "INPUT TAPE NO. ",Z)
12 FOMIAT( IX, 1 OA2 )
13 FORU,AT( 11R, "BLOCK SIZE= ", I3)
14 F ORIMIAT( 10A2)
C
TYPE "DATE 11, D, Y"
ACCEPT IPEAII(3) , IHEAD(4) , IHEAD(g)
TYPE "INPUT TAPE NUMER? MM"
ACCEPT IHEAD(1)
TYPE "COMMENTS ON RUN -- 20 -CTHARACTERS"
READ( 11, 14) ( IBEAD( I) , I = 10, 20)
CALL COLORSUB
TYPE "FAST SCAN? (2=YES I	1=NO)"
ACCEPT IFSCAN
TYPE "DATA BLOCES TO SKIP?`
ACCEPT ISIM
TYPE "INPUT BLOW-UP FACTOR."
ACCEPT IBLUP





IF ( IFSCAN.EQ. 1)




TYPE " INPUT CHANNEL NUMIBER( 1-24)
ACCEPT ICHAN
ISRR= ( ICIL4N+2) /3+( ISIM*9) +2
INMI 5+ICII.4N— (((ICHAN+2) /3+1) x-31
L= INUPI4-393+2+ I.ELEII
LAST= L+256+( ( IFSCAN--1) 4:92)
IF (IELEI'I. GT. X34) LAST= 351+( INU V-*3 33)
CALL P170PD(3, ITAPEI,0, IER)
CALL PI'1'OPD(4, ITAPE2, 0. IER)




DO (N= 1, IFSCAN)
. CALL P1TDIO(3,30410K, IDATA, IS, II , IC)
CALL Pl'FI)IO(3, 0, IDATA, IS, IE, IC)
IF (IC.LT.10) GOTO 150
.FIN
J=1
DO (K=L, LAST, IFSCAN)
. MAG(J) = I DATA( K)
.	 J=J+i
BLOWUP—AREA
. DO (I= 1, IBLUP)
.	 CALL I brs4R. I TE (0 , PI3, I NAG2 , 25 6 )




PAUSE -- POSITION CUR,SER AND HIT RETURN
CALL RTAr-M I.X(L1) , IY( I.,1) )
.FIN
IX1 = IN-1/2
I ^M= I Yv2/2
DO (I=1,3,2)
CALL IDMEAD(0, IY( I) , IFORK,256)
DO (I2= IX1, IYM) IWOPK( 12) =255
CALL IKWRITE(0,IY(.I),IWORK,256)
.FIN
DO ( I= IY1, IY3)
. CALL IMEAD(O, 1, IWORIC, 256)
WORK( IXI) =255




+A „	 . 
ti	
%1-
TYPE "PROPER RECTANGLE? (1=YES; 2=140)
ACCEPT IANS
IF ( IANS.EQ.2l COTO 150
CALL DITDIO(3, 1OOOOK, IDATA, IS, IE, ICNT)
IX1=IX1*IFSCAN+IELEK--1





ID IF2= I_m- INI
WRITE--HEADER
CALL IrfDIG(3,30001K+IPAS, IDA-TA, IS, IE, ICNT)
DO (I = 1, IDIF)
CALL DEMIO(3, 30001K, IDATA, IS, rE, ICNT)
DO (I0=1 .8)




: IW0RK(J) = IDATA(L5+L&)
: J=J+1
. CALL DIM 10 5OOOOK+IDIF2, I;FORK, IS, IE, ICFT)
•	 .FIN
• .FIN
DO (I = 1,10) CALL PITDIO(4, &00001 , ITfORK, IS, IE, ICNT)
CALL PITDIO(4, 10000K, IWORK, IS, IE, ICNT)
CALL PI1'DIO(3, 10000K, ID4.TA, IS, IE, ICNT)
STOP
C
TO WRITE-HEADER r^ WRI E( 12, 11)
WRITE( 12) IHEAD( 1)
YRITE( 12, 10) IHEAD(3) , I +AD(4) , IHEA:D(5)
T RITE( 12, 12) (IIlEAD(I) , I=10, 20)
I RITE( 12, 13) IDIF2






IMB=K9 / I BLUP
. IML GM9) = IMG(KDB)
.FIN
CALL PAC8( IPLA,G, IM4,02, 512)
.FIN










C THIS ROUTINE CLASSIFIES POLYGONS WITH A NAXL IK CLASSIFIER
C A TABLE LOOK—UP FEATURE IS INCLUDED
;
C SEQUENCE:
	 CLASIFY INPUT DATAP MAXTAP SIGFIL
C ;t:
C :3;
C CREATED AT GEORGIA TECH EES
C
C PROGRAMIERS:	 NICKOLAS L. FAUST
C ROBERT A. MADDOX	 x
C :^
DIMENSION APIEAN(4,60) ,ECOV(4,4,60) , IVX( 101) , IVY( 10X) ,DET(60)
1, LA( 133) , COUNT( 0:61) , IBUF( 1640) , CLCON(61)
2.NANI(60) ,NAN2(60) I NA1I3(60) ,NAN4(60) ,B1(4,4), B2(4,4)
DIMENSION JBUF(4,810), FIELD( 17) , ISI-,S(2) , IORD(O:61)
DIMENSION DUM(6I) ,DUNI(4,4,60) ,DU1;`3(4,60) , ITABL(5,300)
COMPION JBUF
EQUIVALENCE (JBUF, DM1) , (JBUF, DWI1) , (JBUF, DUMgt) , (JBUF( 1, 20) DET),	 ,




COPIARG CALLS AND OPEN STATEMENTS
C
CALL OPEN( 1, "CON.. CH", 1, IE)
UALL CODLARG( 1, F IELD, ISWS, IE)
8,' LL COD ERG( 1,FIELD, ISWS, IE)
CALL OPEN(2,FIELD,O,IE)
CALL COILARG( 1, FIELD, ISWS, IE)
CALL Pa"FOPII(3, FIELD, O, IE)
CALL CODIARG(1 , F IELD, ISWS, IE)
CALL PlTOPD(5, F IELD, (l, IE)
CALL CODIARG(1, F IELD , ISWS, IE)
;GET PROGRAM NAME
;GET INPUT FILE NA1IE
;OPEN INPUT FILE
;GET DATA TAPE NAME
;OPEN TAPE FILE
;GET OUTPUT TAPE NAME
;OPEN TAPE OUTPUT FILE






DNV= -1.E,+12	 ;BIG NEGATIVE NUPIBER.
ITPTR= @	 ;INITIAL TABLE POINTER
READ(2,200)NSIG
GET SIGNATURES FOR CLASSIFICATION
CALL GS IG(ANEAN,BCOV,NSI.G, FIELD, NAM1,NAN2,NAN3,NADI4,CLCON)






CALL SYDIINV(B2, B1, DETP, 4)
DO (JII=1,4)
.	 DO (JI = 1,4) .
. BCOV(Jll, J I , L) = B 1(JH, J I )
..FIN
DIVIDE DIAGONAL ENTRIES OF COVARIANCE
DO (.T= 1, 4) BCOV(J, J, L) = BCOV(J, J, L) /2.



























WRITE( IP 1 205) I
RE4I)(2,206) IrX( 1), IVY( I)
IffillTE( IP,206) IVR( I) , IVY( I)
IF( IVY( I) .LT. IWIIN) IVIIN= IVY( I)
IF( IVX( I) .LT. I^DIIN) IMIIN=IVX( I)
IF(  IVY( I) . GT . I YDIAX) I WUX = IVY( 1)
.FIN
I'VX(NC+ 1) = I-TX( 1)
IVY(NC+ 1) = IVY( 1)
NV= NC
IDEL= I N-11AX IYMIN
ISKIP= IYmIN+ I
SET UP THE APRIORI INFORU&TION EITHER FROM,
A. THE INPUT FILE IF ' IAPIt' EQUALS 1 IN INPUT FILE
OR B. SET APRIORI FOR ALL CLASSES EQUAL TO 1.0
READ (2,201) NTE	 :NUMBER OF TABLE ENTRIES
READ (2,200) ITH
IF C ITH. NE . 0)




IF (IAPR.. EQ. 0)
: DO (I=1,NSIG) CLCON( I)=1.
:..FIN
VRITE( IP,410)DO (I= 1, NS IG_)





DO (I = 1,NSIG) CLCON( I)=ALOG (CLCON(I))-.5*DET( I)--PILOGCLCON(NS I G+ 1) = BNV
SORT CLASS CONSTANTS FRODI LARGEST TO KL41,LEST
AND ALSO REORDER. STATISTICS
DO (J=1, NS I G)
B  = -- I . E+ 10
DO (I=I,NSIG)












REORDER CLASS CONSTANT ARRAY


















DUNI(J, K, I) = BCOV(J, K, IOR D( I) )









. DO (J= I,ND) DUM2(J, I) = .A MM(J, IORD( I) )
.FIN
DO (I=1,NSIG)
DO (J= I,ND) AflEAN(J, I)=DM12(J, I)
:..FIN
SKIP RECORDS
CALL IITDIOC3,30000K+ISKIP, IBUF, IS, IEE)
DO (LL=1 , 812) IBUF(LL)=O
IBUFC 1) W IDEL
IBUF (2) = IAVIIN








: IT_4BL( I , J) =0
:..FIN
:..FIN
CALL FGTH#E( MR, IMIN, ISECI
TYPE 1°LINE PROCESSING BEGAN t", MR, IMIN, ISEC
DO (J=I,IDEL)
BITS=O
CALL XTDIO(3,0, IBUF, IS, IE,NW)












IF(JF. GT. JQ) JF=JQ
DO ( 1102=I , 4)
LL= ((JS- I) /2) *4+K2
LAST= LL+ (JF-JS± 1) *.2
'	 J1=I
. DO (II=LL,LAST,4)







C	 CLASSIFY THE POINTS BY MAXINM LII LIHOOD ALGORITMIC
DO ( JPT= 1, JQ)
IF (JBUF(1, JPT) . EQ. 0) COTO 1000
JBI=JBUF(1,JPT)
	
.	 JB2= JB'UF (2, JPT)
JB3=JBUF(3,JPT)
JB4= JB€3F (4 , JPT)
DO 1010 IC= 1, NTE
IF (JB3.NE.ITABL(3,IC)) COTO 1010
IF (JB2.NE.ITABL(2,IC)) COTO 1010
IF (JB4.NE.ITABL(4,IC)) COTO 1010













.	 VD3= JB3--ADIEAN(3, M)
VDel= JB4-MIEAN(4 , PI)
CLIM--CLCON(M) -- (VD 1*VD l*BCOV( 1, 1, N)
1: +Vl)2-*QyTD 1:I-BCOV(2, 1, 11) +VD2*BCOV(2, 2,11) 3
	
:	 +VD3*(VDI*BCOV(3, 1, 1) +VD2t-BCOV(3, 2, Iii)2: +VD3*BCOV(3,3,M))
	3 :	 +VDA,* (VD I*BCOV(4 , 1, II) +VD24tB :OV(4 , 2, M)
	
4:	 +VD3.KBCOV(4, 3, M) +VD4*BCOV(4, 4, M)) )
IF (CLTHR. LT. PROB) COTO 1020PF^OB= CL'PS3.
INDEX= M
	
1020 :	 rl M+ I
IF (PROB.LT.CLCON(M)) COTO1040IF ( ITH. E0- 0.) 	 COTO 1030
IF (PROB. LT. THRS) INDEK 61
1030	 ITPTR-_ ITPM+ 1
IF ( ITPTR. GT. NTE) ITPTR.= 1
ITABL( 1, ITPTR) = JB 1
'TAP,L(2, ITPTR) = JB2
ITABL(3, ITPTR) =JB3
. ITABL(4, ITPTR) =JB4
ITABL(5, ITPTR.) = INDEX
COTO 1050
1000	 INDEX 0






Do (K 1, JQ)
. IB}(= IBUF(K)
COUNT( IBIS) = COUNT( IBIS) + 1
.FIN
CALL FGTIAE( IHR, IMIN, ISEC)
VRI t 4 ( 10, 207) J, HITS
TYPE "TIME = ", MR., IMIN, ISEC









PER= ( COUNT(K) x-100) /TOT
I IG2 I ORD ( K)
MITE( IP, 440) K, NAM ( K) , NAPI2.( Kl , NAM3(K) , NAM4(K) , IKK
1: CLCON( IKK) , COUNT( K) , PER
.FIN
VRITE( IP, 450) COUNT(61)
WP Y TE ( I P) TOTH I TS , TOT
Wit ITE(I P,  400)
BO	 IBUF(ICL) =0
DO (I .= 1, 200) CALL PITDIO(5, 50000K+810, IBUF, IS, IER)
CALL I=LTDIO(5,60000K, IBU"F, IS, IER.)
CALL MTDIO(5,60000K,IBUF,IS,IER)
TYPE "TOTAL HITS, TOTAL POINTS " , TOTHITS,TOT
200 FORMAT( 12)
201	 FORPIE! T( 13)
202 FORPLIM= "INPUT # OF CORNERS
205	 FORMAT (2Y, " INPUT CORNER
	 " , 13  "J , I II)
206 FORPIAT(2I4)
207 FORMT( 2K, "LINE +_ ,
 15  " PROCESSED THERE WERE ",F8.0,`
310 FOMIAT(F 10.6 )
400 FORDIAT(///////////////)
410	 FORFEIT( 2X, "NUDIBER" , 2H, "NAP,'E" , 6K, "APRIORI ° )
420	 FORPINT( 4X, 12, 2X, 4A2, 2X, F 10.6 )
430 FORMAT( 2X, "FIBER NAME RANKING CONSTANT # PIXELS
440	 FOMIAT(4X, I2 , 2X, 4A r , 3K, I2.2X, F 10.6 , 2K, F8. 1, 3X, F5. 1)












C USED TO CLEAN UP SIGNATURE , VERTEX , OR HIST FILES
C
C SEQUENCE:	 CLEANUP NAMES F ILEIN F ILEOUT 	 a:
C
C
..y	 yy	 l.y.y.y	 .} yy	 1.W	 .yw1. y	 yy y.4 .4,1. y	 yy	 1..i.W 	 .1	 yyw	 y .i..1.	 f yx:
.hT .7Ti ,T .^+`I.r.:1:^+1.h:^+i++h^+f+.(.^TT+IT^.T+.^1•^.fT^A+.f.T+i+*`r+4%1.rt+i'•h:ly^l.T+[%i^.t.fh^^:^+^^;i:y::^::':^i+rt+•1+^+7;i•1•:^.i: R.^i:
C ^.
C CREATED AT GEORGIA TECH EES
C
C PROGRAMIER:	 NICKOLAS L. FAUST
C x-
Cn x:^*^^:^ :::±:xc:;:x:y;^::^::IcT•w:Yx;hex:^X:':,.'^:^::Y.^e:i;^:*^'=„^:I::t;:is^*:k^^::^:i::^:^^*:^::K:?::Y%i:;^:K^;;Y::Y:Y",;:.",*^c^:r• ^:k:l:y::^:^::E:
DIMENSION I.FIL(20),JFIL(20) ,KFILt20) ,SM(4) ,COV(4,4) , I(6)
D IDIENS I ON ICOUNT(4 , 100) , I VI€( 101) , IVY( 101) , ISW(2 )
CALL OPEN( 1, "COPI. CM , 1, IERR)
CALL COI+IARG( 1, IF IL, ISW, IERR)
CALL CGMARG( 1, IF IL, ISW, IERR)
CALL COMARG( 1, JF IL, ISW, I ERR)
CALL COMM 1. KF IL, ISW, IERR)
CALL FOPEN(2,IFIL,"B")
CALL FOPEN(4, KFIL, "B")
WRITE( 10,401)
READ( 11) ICON





.	 CALL FOPEN(3, JF IL, "B")
.	 REAR EINAPLY(3) I
ISW=O
.	 READ(2,100,ENB=121)NA1,NA2,NA3,NA4
.	 REPEAT WHILE( ISIL EQ.. 0)
.	 READ BINARY(3,END=120)NS1,NS2,NS3,NS4
.	 IF( ICON. M. 1) READ B INARY(3) NP, SM, COV
.	 IF( ICON. EQ. 2)
.	 :	 READ BINARY(3) K, IMIN, IYMAX
DO (IV=1,K)READ BINARY(3) IVV, IVR( IV), IVY( IV)
.	 ..FIN
.	 IF( ICON. M. 3) READ BINARY(3) MOUNT
-	 IF ((IiS 1. EQ.. NA 1) . AND . { NS2 . EQ. NA2) )
.	 IF((NS3. EQ. NA3). AND. (NS4. Ea. NA4))
WRITE BINARY(4)NS1,NS29NS3,NS4
-	 IF( ICON.EQ. 1)WRITE BINARY(4)NP,SM,COV
•	 : IF( ICON. EQ. 2)
WRITE BINARY(4)K,IYMIN,IYMAX
-	 -	 DO ( IV= 1, K) WRITE BINARY(4) IV, IVI€( IV) , IVY( IV)
.	 :..FIN
:	 IF( ICON. EQ.3) WRITE BINARY(4) ICOUNT
ISW__ 1







401 FORMT(2)€, "INPUT SWITCH ,	 1 -SIG , 2 -VER , 3 -HIS")
120 STOP - SIGNATURE NOT FOUND







OF POOR QUALI'T'Y	 ;r
C :^
C CLUSTA	 ( SUBROUTINE)
C :k
C PU POSE:
C ADAPTIVE CLUSTERING ALGORITHM. I —ST PASS THROUGH DEVELOP 	 x:
C CLUSTER MEANS USING PERIODIC ELIMINATION TESTS AND
C MERGER TESTS, ALSO HAS FEATURES OF STRIP FORMULATION AND
C SEQUENTIAL SEARCH FOR STRIP ASSIGNMENT, 2 —ND PASS THROUG	 a:
C DEVELOPS CLASSIFICATION DIAP
C




C V — VECTORS TO BE CLUSTERED
	 x:
C VM — INITIAL CLUSTER DEANS
C ND -° DIMENSION OF VECTORS
	 Y=
C NV — NUMBER OF VECTORS IN V
C NVM — MIBER OF VECTORS IN VM	 m
C NWlDL4X — DIAXIMI M NUMBER OF VECTORS ALLOWED IN AM
	 ^=
C NVG — VEIGHTS FOR CLUSTERS, I —TH VALUE IS NUMBER OF
	
=!-
C POINTS IN I—TH CLUSTER
C
C C, S, I'x', R — CLUSTERING DISTANCE; MEASURES FOR MERGERS,
C STRIP GENERATION, PRIORITY SEARCH, AND
C THRESHOLD FOR NEW CLUSTERS RESPECTIVELY
C NPC,NPT — COUNTER AND THRESHOLD FOR UPDATES TO PRIORITY
C LIST
C PLIST — PRIORITY LIST
C NEC,NET — COUNTER AND THRESHOLD FOR SNALL CLUSTER
C ELIMINATION TESTS	 :k
C NMIN — ELIMINATION THRESHOLD, NUMBER OF POINTS
C NDIC,NMT — COUNTER AND THRESHOLD FOR MERGER TESTS
C IPASS — PASS NUMBER OR ROUTING FLAG
C IP — PRINT FLAG,	 .EQ.. 0 NO PRINT, .NE. 0 PRINT MERGERS
C AND ELIMINATION MESSAGES	 Y
C JPTP — NUFIBER OF POINTS PROCESSED PRIOR. TO THIS ENTRY
C RMlNN, IU.!IINV — MEAN AND VARIANCE FOR CLUSTER THRESHOLD




C VDIP,VAR — MEANS AND VARIANCES DEVELOPED DURING 2
—ND PASS




C VDI — UPDATED MEANS
C NV'M — NUMBER OF MEANS IN VN
C NVG — UPDATED WEIGHTS:
C I DIG — DEFINES CLASSIFICATION LAP
C TD IS — THRESHOLD ARRAY
	
af:
C NPC, NEC, NDTC — UPDATED VALUES
C RMINM,RMINV — UPDATED VALUES 	 ^e




C:1::t:Y:^^:^^1:^=^;X:f:^=:1;:t:^::Yy:a::^x:^::KX^::r.:l:^:^:^::l::l::l: ;^*:^:l:^kx::f:^:a^^:^:^:n ^;:k*>t^=r.^::t:^^ •r.^:^sk:i;^ a:^^^*^::k^:*^^kX
c




SUBROUTINE CLUSTA(V, W1, ND, NV, NVDI, NWDIt',X, NVG, C, S, RP, R, NPC,
*NPT, PLIST, NEC, NET, NMIN, NKC,.NkIT, IPASS, I NG, TDIS,




DIMENSION  V( ND, NV) , VDI(ND, NVMMAX) , NVG(DIVMMAX)', PLIST(NVDD IM
g-VS(24) , IIIG(NV) ,TDIS(NV)
COMDION/D IST/ IDIST
DIMENSION RNINPI(NVDIRL4u) , IUIINV(NVMMAX)
D I DMNS I ON VDIP(ND: NVkIPJAX) , VAR( ND, NVDICLUi)






C	 TESTS ON NEXT POINT, SMALL CLUSTER ELIMINATION,
C	 MERGING TIME, AND PLIST UPDATE TIME
C
12 CONTINUE
IF( I PASS . EQ. 2) GO TO 16
NEC=NEC+NS
IF( NEC. GE . NET) GO TO 70
14 NNC= NPIC+NS
I F (NPIC . GE. NNT) GO TO 80
16 NPC=NPC+NS
IF( NPC. GE . NPT) GO TO 90
18 JPT=JPT+ 1







20 T= I ASS ( V(I , JPT) - V(I , JSC) )
IF ( T.GT.S ) GO TO 22
I = I + 1
IF ( I.LE.ND ) GO TO 20
JPT = JPT + 1
IF( JPT. LE. NV) GO TO 19
22 JPT = JPT -- 1
C
C	 CONPUTE MEAN OF STRIP
C
NS=JPT-JSC+i
DO 26 I=1, ND
26 VS(I)=O.
DO 30 J=JSC,JPT
DO 28 I= 1, ND












IF( ID IST. EQ. 2) GO TO 3601
DO 36 J=1,ND








IF(D. GT. lUlIN) GO TO 40
RNIN=.D
J1=L







C	 TEST DISTANCE TO CLUSTER FOR ASSIGNMENT OF STRIP
C
42 IF(IUIIN. GT . R) GO TO 50
C
C	 FIRST PASS - ASSIGN TO J 1
C
IF( IPASS.EQ..2) GO TO 200
CALL I+IOD IFY( VPI(1, J 1) , VS, NVG(J I) , NS, ND)
GO TO 12
C
C	 FIRST PASS -- NEW GROUP, POSSIBLE ELIMINATION OF SMALLEST
C
50 IF( IPASS . EQ. 2) GO TO 210
NVPI= NVH+ 1
J1=NVPI
IF(NVPI. LE. NWRIAX) GO TO 60
NVPI= NVMIAR
NVGP=10000
DO 52 I = 2, NVN





900 FORHAT(911 CLUSTER , 13, 8H WEIGHT , I4., 19H ELIMINATED, JPT = , 14,711
*VPI = 13)
NVG( 1) = NVG( 1) -NVG( IMIN)
J1- ImIN
60 DO fit I = 1, ND











74 IF(I . GT. NWD GO TO 14
IF( NVG( I) . GT. NPIIN) GO TO 72
JPTT=JPTP+JPT
IF( IP.NE.0) WR.ITE(NOUT,900) I,NVG(I) ,JPTT,NVN
NVG( 1) = NVG( 1) +NVG( 1)
CALL PACK(VN, ND, NVN, 1)












IF( I2 . LE.0) GO TO 16
RMIN=I.E+10




IF( IDIST.EQ..2)GO TO 8400


















IF(WIIN. GT . C) GO TO 16
C
C	 CLUSTER MERGING, J2 INTO J1
C
JPTT= JPTP+JPT
IF( IP . NE. 0) laITE(NOUT, 902) J2, NVG(J2) , J I , NVG(J 1) , NVN, JPTT
902 FORMAT(7H MERGER, 6H J2 = , 12,711 NJ2 = ,
 14,
*6H J 1 = , 12,711 NJ 1 = , 14,7H NVM = , I2, 7H JPT = , 14)
CALL MOD IFY( VPl( 1, J 1) , VM( 1, J2) , NVG(J1) , NVG(J2) , ND)
CALL PACK( VX, ND, NVM, J2)










C	 POSSIBLE SPECIAL CASE FOR LAST POINT
C
100 IF( JPT. NE . NV) RETURN
DO 102 I=1,ND





C	 SECOND PASS -- ASSIGN TO J1 AND UPDATE STAT-ISTICS
C
200 CALL THEIDST(RMINII(J I) , WIINV(J 1) , NVG(J 1) _, RAIN, NS)
DO 202 J=JSC,JPT
CALL SEQST(VMP (1, J 1). , VAR(.1, J 1.) , NVG(J 1) , ND, V(.1, J) )
TDIS(J)=IUIIN
202 IZIG(J) =J 1
GO TO 12
C
C	 SECOND PASS - ASSGN TO UNASSIGNED
C
210 DO 212 J=JSC,JPT
TDIS(J) =10000
212 IPIG(J)=1







(i*X::k^*:l::k:k^^:^:k^ak^k^k^?:xC^::k^k^**^:^=k^:I:%kx::k%k:Y^^*%k*:k:k^.^. ^::3:aI:^Y:Y:K.^1:^•'%k:k i::k%I^•w^ •^•'aY.:k*.^:^:x:X:x::}:ak^k%^:%KX.:(:
C C011B INE
C :r
C THIS PROGR 21 COMBINES SIGNATURES ^►^
C WITH A GIVEN SPECIFIER FROM 9R O FILES
C a;
C SEaUENCE:	 COMBINE FILE1 FILE2 FILE3C
C :3c
C CREATED AT GEORGIA TECII EES %^=
C :tc




DIMENSION IF1(20) , IF2(20) , IF3(20) ,C(4,20) ,D(4,4,20)
DI1M-NSION E(4,30) ,F(4,4,30) ,NI2(20) ,N22(20) ,N3`'(2(;`) ,N4?(20)
DIDMiNSION N1(30) ,N2(30) ,N3(30) ,N4(30)
DIMENSION SM(4),COV(4,4) , ISW(2)
CALL OPEN( 1, "CODI. CZI" , 1, IERR)
CALL C0114RG( 1, IF 1., ISW, MIR)
CALL COPIARG( 1, IF 1, ISW, IERR)
CALL CO^LAaG( 1, IF2, ISW, IERR)







CALL FGDEN(3, IF2, "B")
CALL FOPEN(4,IF3,"B")






READ( 11, 104) ITAP1, ITAP2, ITAP3, IDAT1, IDAT2, IDAT3
NS I G= 5




IF( ISIS. EO.. 2)












.	 DO M2=1, ND)
.	 F(.K1 , K,2, K) =B(Kl , K2, K)
.	 ..FIN
.	 .FIN





. N3 (MW = N32 L PI)
IT4L PSL) = N42( H)
DO LM1=I,ND)
. EM, DIL)=C011,ti)





IF( ISW. E(-. 1) M=NUM1
NP= 100	 .
RR.ITE EINARY(4) ITAPI, ITAF2, ITAP3, IDAT1, IDA.T2, IDAT3
DO (I=1,ML)
• MITE B I NARY(4) N I L I) ,14''2 ( I) , N3 (I) , N4 (I )
DO (I 1=1 , ND)
. SIR 11) =E( 11, I)
.	 Do (12=1,N D)
.	 COV(I 1, I2) =F(I 1 , I2, I)
.FIN
.FIN
TgRITE B INARY(4) NP, SM, COV
WRIM IP, 104)14lM ,N2C I) ,N3(I) ,N4( I)
WRITE( IP) NP, SI1,-COV
.,FIN
100 FOIUTA1(2A2)
101 F0WlAT(2X, "INPUT NAI , N,A2
102 FOMFi.T(2X, " INPUT TAPE, DATE IN 216 FORMAT")
103 FOMI'AT(2K, "INPUT # OF FILES")
104 FOPJIAT( CLAW
105 FOR0IAT(//2K, "ABOVE ARE S IGNATORESFROM FILM"))






C THIS ROUTINE ADDS 5 SIGNATURE , VERTICES , OR H I ST
C FILES AND PUTS THEM IN A COPYFILE	 xC x
C SEQUENCE:	 COPY5 OUT IN1 IN2 IN3 IN4 INS 	 x:
C :r
C x;
C CREATED AT GEORGIA TECH EES
	 a;
C a:
C PROGRAI'IPMR:	 NICKOLAS L. FAUSTC
Cx:x;:i::r:x;x:is:^:r.:::a::i:x::i.:i=^.i=x=.;:ti :^:t:wx:x::rx:xx:x:a:a::i::i:;,;;;•;a::r:x:^:•x.:i:x:x::i::rx<x=w:k:rw:i::i:x:^ :^;n n:r.::x.^:a::i;x:x^x:Y
DIMENSION IOUT(20),INI(20),IN2(20),IN3(20),IN4(20),IN5(20)
DIPE, NSION ICOUNT(4, 100) , I(6) ,SPI(4) ,COV(4,4) , IVX( 101)
DIMENSION IVY( IOT) , ISW(2)
CALL OPEN( 1, "COPT. C11", 1, IERR)
CALL COPIARG( 1, IOUT, ISW, IERR.)
CALL COPIAlIG( 1, TOUT, ISW, IERR)
CALL CONARG( 1, IN1, ISW, IERR)
CALL COMARG( 1, IN2, ISW, IERR)
CALL COPIARG( 1, I143, ISW, IEr,.q.)
CALL CONARG( 1, IN4, ISW, !ERR)
CALL CONlARG( 1, INS, ISW, IERR)
IPR 10	 ORIGLNAL PAGE ISWRITE( IPR, 401)




CALL FOPEN(2, IOUT, "B")
CALL FOPEN(3 , IN I , "B")
CALL FOPEN(4, IN2, "B")
CALL FOPEN(5, IN3, "B")
CALL FOPEN(6, IN4, "B")
CALL FOPEN(7, INS, "B")
DO (Ii= 3 , L) READ B INARY(K) I
'WRITE,  BINAKY(2)I
TYPE " L =
	 " T LDO (IG,=3, L)
FOREVER
REAM B INARY(IC:., END= 120) NS 1, NS2, NS3, NS4
•	 11TiITE( IPR, 403) NS 1, NS2, NS3:, NS4
Tf.uTE BINARY(2)NS1,NS2,NS3,NS4
•	 IF( ICON.EQ. I)
•	 READ BINARY( KL) NP , SDI, GOV
.	 TYPE "	 NP =	 ",NP
.	 •	 WRITE BINARY(2)NP,SM,COV
*...FIN 
.	 IF( ICON. EQ. 2)
.	 MP AD BINARY( IO:.) K, IYNIN, IY?L4X
DO (K1=1,I,,)READ BlNAFiY(IK.)K11,IVX(Kl),IVY(Kl)
:	 ?RITE BINARY(2) K, IYPIIN, IY1%L4X
.	 ISO (K1=1,I0WRITE BINARY( 2)KI, IVX(KI) , IVY(Kl)
•	 .FIN
.	 IF( ICON.EQ.3)
.	 READ BINARY(KL) IC(IUNT





401 FORNAT(2X, " INPUT SWITCH - 1 --SIG 	 2 --^ VER	 3 - HIS")
402 FORPIAT( 2X,. " INPUT m OF FILES ")







C	 DRAWS A POLYGON IMN GIVEN A STRING OF COORDINATES.
C:k^;:K^^:x:*:l::k:^:.Y'.:k%K^:^:-^^:f:n ^::kx;^::^^:="^^:^^=1:^;:{:.y;^:^:Y:l:;^:•1,:%;;^:^ :;:^c:l::^^:=f:.^::l::l::l::l:^::l:X:ry :l::l:^`.:;:^:-•;:;l::l::l::;::;::;:x::1:
C	 CREATED AT GEORGIA TECH EES 	 a:
C
C	 PROGRA3.'IPIER: MICHAEL D. FUII MN
	 x:
c
C^::^::l::"^;:l:>:^:^:X:y:^ =f;:;::;;:l::l::Y::::(::;:^:Y:.y:;l::^:^;x-=t::l::Y:l:ww,y::k^::F.%i:.l:Y:;1:s::1: ?:;1;'!;:1::1::^:1;:T::t.:l:w:^::;:•J,::;::;: y:l;:l;:l::l::;::f:^:Y:t::;:.1:
INTEGER IC(2,256),IXY(2.2)
ACCEPT "# OF POINTS, STRING OF POINTS ", NP, (( ICE I, J) , I= 1, 2) , J=1 , NP)
DO (1=_ 1,2)
DG (J=






	 IF ((IC(K,J).LT.IXY(K,1)).AND.(IC(K,J).GE.0)) IXY(K,1)=IC(IC,J)
IF (IC(K, J) . GT. IXY( K, 2)) IXY(X, 2) = IC(K, J)
.FIN
.FIN
FA%= ( I11M 1,2)--IXY( 1, 1) ) /5 11.0
FAY= ( IM2,2)—I^'Y(2, 1) )/511.0
MIEN ( FAX. GT . FAY) FACT= FAX
ELSE FACT--FAY
DO ( I=1,NP)
DO (J= 1,2) IC(J, I)=( IC(J, I) — IXY(.I, 1) )/FACT
.FIN
NP 1= NP-1
DO (I = 1,NP1) CALL VECTOR(@, IC(1, I) , IC(2, I) , IC(1, 1+1), IC(2, I+1) ,0,200)











C CREATE DEMO FROM DISPLAx'' IMAGE INCLUDING	 x:
C FUNCTION MEMORY, COLOR MORY, AND GRAPHICS	 x:
C
C SMUENCE: CRDEPI4 PITU: F
C
C
C CREATED AT GEORGIA TECH EESC :k
C PROGRAMER:	 FRED L. THOMPSON	 a:
C ^;
INTEGER ISV( 2.) , INPUT( 512) , IARAY( 64) , ISRAY(0 :255) , IFLD( 10)
CALL OPEN (1, "COPT. CM" , i , IE)
CALL COMARG (I , IFLD, ISIS, IE)
CALL COPIARG (1, IFLD, ISIS, IE)
CALL PITOPD (3,IFLD,O,IE)
DO (1 = 1,512)
	 INPUT( I) =0
CALL RCPT (0, INPUT(3) )
ACCEPT °512 OR 256 ",ISZ
ACCEPT "TYPE I TO RECORD GRAPHICS",IANS
TYPE "TYPE A THIRTY CHARACTER DESCRIPTION sr
PE "".	 ..	 . ..	 .	 ..	 ....
I,AD C 11, 100)	 ( INPUT( I) , 1=68,9a)
100 FORPIAT ( 30A1)
INPUT( 1) = ISZ
INPUT(2) = I ANS
CALL PM 10 (3,50000K+ ISZ, INPUT, IST, IE, ICNT)
DO (I=0,2)
:	 CALL RFUkI ( 1, INPUT)
. CALL XTDIO (3,50000K+ISZ, INPUT, IST, IE, ICNT) ..
IEND=ISZ-1
ISZI=ISZ/2
DO (IY 0, IEND)
CALL I PIRD (0 , I Y, INPUT, ISZ 1)
CALL =I0 (3 , 50000K+ ISZ, INPUT, IST, IE, ICNT)
•	 IF	 ( ISZ. E(,I.256)
.	 DO	 (1=1,2)
CALL IBM) (I,iY, INPUT, ISZ1l





•	 CALL GRIT ( I, IY, INPUT, 16)

















CYTAPE FILE FILE :!c
C ^;
C x:
C	 CREATED AT GEORGIA TECH EES !-
C •!'
C	 PROGRAMMER:	 MICHAEL D. FURMAN
C:d::l:x:X::N:^^;;,w,^;N::I::Y.:tc="-:::K:;: {;:x::l:.y::;:.^;^ "!; l::I::Y^:.l:":::Y.•r.::3: :^:ry: ::l:y:y:w:l::l: : ::; :::;s?::Er.I:a^:NH :41C:;.s::i:
DIMENSION S(30) , IFILE( 10) ,NS ( 4) , IFILE2( 10) , ITAP ( 3) , IDAT ( 3) , ISIT(2)
CALL OPEN( 1, "COM. Cff" , 1, IERR)
CALL C:ODIA.RG( I , IF ILE, ISW, IERR)
CALL CODIARG( 1, IF ILE, ISW, IERR)
CALL COHARG ( 1, IFILE2, ISW, IERR)
CALL FOPEN(2, IFILE, "B")
CALL FOPEN(3, IFILE2, "B")
READ BINARY(2,END=205) ITAP,IDAT
FOREVER
DO (1=1,30)	 S( I)=O.
READ B I NA-'LlY(2, END= 205) NS
READ BINARY ( 2,END=205)
	
NP,(S(i) , I=1,20)
VR ITE B INARY(3) NS
WRITE (3)
WRITE ( 3, 100)	 NP, (S(I) , I= 1, 20)
. F I TT
STOP
205 STOP FINISHED






C D ISDEN4:C ^^
C DISPLAYS DEMO TAPES TO COMAL COLOR DISPLAY
C WITH GRAPHICS COLOR MEMORY AND FUNCTION MEMORY :YC :k.
C SEQUENCE:	 D ISDEM4 PITU: FC x
.1
.
C CREATED AT GEORGIA TECH EES;C
C PROGP,APfl'TI•rR: 	 FRED L. THOMSONC Y-
C:k*^:%k^::^^?:x.x::!c:f:^:^::k^^^^:i::^:^^-:ic^cy::^c.l:^=^:Y:,y::k:Y..l:;l;^:=Y:;:%fc^::fcyc:l:*'•k^:^:>k:f^yt:f::k:k^:^::l.^:k^ %k^:^:kx::k:^.^;:{:.i:^::^
INTEGER ISW(2),INPUT(512),IFLD(10)
CALL OPEN ( 1, "COM. CH", 1, IE)
CALL COMM (1, IFLD, ISW, IE)
CALL COMARG ( 1, IFLD, ISW, IE)
CALL PITOPD (3, IFLD, 0, IE)
FOREVER





	 ( INPUT(I) , 1=68,98}
100 FORMAT (IR, 30AI)
IF ( ISZ. M. 512) PAUSE SET BIC FOR 512 HIT RETURN
•	 IF (ISZ.EQ.256) PAUSE SET BIC FOR 256 HIT RETURN
CALL WCM (O,INPUTM )DO (I=0,2)
.	 CALL MTDIO (3,0,INPUT,IST,IE,ICNT)




-	 DO (IY 0, IEND)
CALL DrM IO (3, 0 , INPUT, IST, IE, ICNT)
.	 CALL IMWR (0, IY, INPUT, ISM)
.	 IF (ISZ.EQ..256)
DU (I=1,2)
.	 CALL MMIO (3,0,INPUT,IST,IE,ICNT)
.	 :	 CALL IMIR. (I, IY, INPUT, ISZI)
.FIN
IF (I ANS . EQ. 1)
•	 DO (1=0,3)
.	 CALL MTD IO (3, 0, INPUT, IST, IE, ICNT)




CALL PITDIO (3,0, INPUT, IST, IE, ICNT)








C USED WITH ELIP TO DRAW 2--D ELLIPSES OF SIGNATURES y:C ON THE VEIISATEGC
C
C CREATED AT GEORGIA TECH EESC
C PROGRAMER'. 	 G. DAVID GENTRYC ^;
Cy;y:y;*x:y:**:1;y:y:^;:;;;;;:^::I;:I:y;y::;:x;:^:Icy:;; :^:^:k:r=^^X:::;:^Y=:f=^;:^:t;;;:.y::;:Y;:k:^^Y;^^Y^^^^:k:I;:Y•^:^::^:r:{;Y:^::^^:^::;::^::Y^:^:^::Er
SUBROUTINE DRAINER( Ski, E, COV, AX1, AX-9 , R, ID)
DIMENSION R(2,2) ,SM(2) ,E(2,4) ,COV(2,2)
IF( ID.:GE.I)GO TO 9




CALL ME S (7. 0, " CHANNE L ", 7. 0, CHANNEL 11) 
CALL NOTE(-.5, 5. , AM2, 1(300)
CALL NOTE (5 . , -. 5, AX1, 1000)
9 I0= 10
III'( ID. EQ.0) IDC=43
IF( ID.Eg- 1) IDC=31
M ID. E(,).. 2) IDC=42
THETA-- ATAN2 (R(2 , 1) , R( 1, 1) )
IF(COV(1,2)
	 .LT.	 0. )THETA= ATAN2(R(2,2) ,R( 1,2) )
IF(COV( 1, 2)
	 LT.	 0.) YRITE( I0, 12)
12 FOMIAT(//" COV(X, Y)
	 IS NEGATIVE"l
THET= 57.29578*THETA
UR.I TE (10,  11) THET
11 FORll T(//" THE ROTATION ANGLE IS" , F6.2, " DEGP,EES "//)
DO (I=1800,2600,10)
J=((I-1800)/10)+1
•	 X1 = FLOAT( I)/10.
X X1-SPI(1)
IF(COV(1, 2)
	 . LT.	 0.) GO TO 6
A--E(2, 1)*(SIN(THETA)l y-*2+E(1, 1)9'-(COS(THETA))**2
B=2.*k*(E(2, 1)*(SIN(THETA))^r(COS(THETA))-E(1, 1)*(SIN(THETA))
1:	 * ( COS ( THETA)) )
C=I,9*2*(E(2, 1) :g(COS(THETA) )**2+E( 1, 1)*(SIN(THETA) ).41:2) 
-3. *E( 1, 1)M2, 1)
IF(Bx:1'2-4.:?A*C) 5,7,7
6 A=E( 1, 1)*(SIN(THETA))*,.t2+E(2, 1)*,(COS(THET..10)"';*2
B= 2.*1011- E( 1, 1)*(SIN(THE TA) )*(COS(THETA) )--E(2, 1)W-(SIN(THETA) l1:	 yc( COS( THETA)) )
C=X:l,*2*(E(l, 1)*(COS(THETA))*.,,-2+E(2, 1)*(SIN(THETA))**2)1:	 -3.*E( 1, 1)-9E(2, 1)
•	 IF( B. M. ,2-4. *A:f-C) 5, 7, 7
7 Y1=SPI(2) +(--B+SQR.T(B**2-4. *AY;C)) /(2 . wA)
•	 Y2=SM(2) +
	 *A*C) ) /(2. *A)
CALL NOTE(X1,Y1, IDC,-1)














C GENERAL TAPE DUMPING ROUTINE FOR READING AND
C DEBUGGING FOREIGN 'TAPES
C *
C SEQUENCE:	 DTAPE XTU: F
C :F
C
C CREATED AT GEORGIA TECH EES
C =^




CALL OPEN( 1, "COTI. CH ", 1, IERR)
CALL COILARG( 1, IFLD, ISW, IERR)
CALL COII ARG( 1, IFLD, ISW, IERR)
100 FORMAT( 1R, 2016)
101 FORPIAT( 1X, 25 14)
102 FORPIAT( 1X, 10OA1)
103 FORMAT( 1-1 71, 10( 018, 111K))
104 FORMAT( 1)1, 20 ( O 15, 11110 )
ACCEPT "WORDS? ( 1) , OR }S'I'TES? (0) OUTPUT ", IP
ACCEPT "BASE: TEN= 1 , EIGHT= 0	 ", IN
ACCEPT "SKIP HOW PIANY RECORDS? ",ISKP
ACCEPT "DUN HOW PLANY BLOCKS OF DATA ",IBLOK
IF	 ((IP.EQ..0).AND.(IN.E0..1))
.	 TYPE "TYPE: NMIERI C = 0 ; ASCII= 1	 EBCDIC= 2
.	 READ(11)IQ
.FIN
CALL PITOPD(3, IFLD, 0, IERR)
IF ( ISIT'. GT. 0)
:	 DO ( I= 1, ISIT) CALL PM10(3,0, IDATA, IS, IE, IC)
:..FIN




.	 DO (1 = 1,8220)	 IOUT(I) =4
.	 CALL PITD IO(3, 0, IDATA, IS, IE, IC)
.	 TYPE "RECORDS PER BLOCK ", IC
IF (IP.EQ.0)
.	 CALL UPACS( IDATA, TOUT, IC)
.	 IF (IQ.EQ.2) CALL EBCDIC( IOUT, IUUT, ID)
.	 IC= IC*2
XtTIiEN (IQ. NE. 0)
	
WR.I'rE( 12, 102) (IOUT( I) , 1 = 1, IC)
:	 ELSE
IF ((IN.EQ.. 1) .AND. (IP.EQ. 1)) 	 WRITE(12, 100X IDATA( I), I.=1, IC)
.	 IF ((IP. EQ. 1) . AND. (IN. EQ. 0))	 ITRITE( 12, 103) ( IDATA(I) , I= 1, IC)
IF ((IP.EQ.0) . AND. (IN. EQ. 1))
	
VRITE( 12, 101) (IOUT( I) , I = 1, IC)













C CONVERTS EBCDIC CODE INTO ASCII
C :t:
C SEQUENCE:






C CREATED AT GEORGIA TECH EES
	 ac
C k
C PROGRADMER.:	 MICHAEL D. FUMAN	 :k
C :k
SUBROUTINE EBCDIC( INPUT, TOUT, IPR)
INTEGER INPUT( IPR) , IOUT( IPR)
COMON/DUMI/ ICNTAB( 263)
DATA ICNTAB/1H?,111?,1H?,111?,111?,111?,IH?,IH?,III?,111?,fH?,
1131?, 111?, 111?, 111?, 111?, Ill?, 1H?, III?, 1H?, 111?, 1H?, 111?, 111?, M.
11H?,IH?,1H?,IH?,1II?,1H?,I.IM 1II?,1H?,1H?,1F?,111?,1H?,1H?,
I III?, III?, 111?, IH?, III?, IH?, 111?, III?, III?, 111?, III?, III?, IH?, III?,
2111?,111?,111?,111?,1H?,III?,111?,111?,III?, M?, III?, III
	 ,III?,III?,
2111?, 111?, 111?, 1H?, 111?, III?, III?, III?, Ill., III?, IM, 1H+, 111?, IT?,
2111?, 1H?, III?, 1H?, IA?, 111?, In?, III?, III?, 1H?, IHS, IH , 1H) , III?,
31H?, 1H-, 1H/, IH?, 1H?, 1II?, 1H?, IH?, IH?, 1H?, IH?, 1H?, 1H„ 1H?,
31H?, III?, III?, 111?, 1H?, III?, 1H?, M, III?, 111?, 111?, 1H?, III?, 1II?,
31H?, 111?, 111', IH= , 1H?, III?, IH?, IH?, III?, 111?, 111?, lII?, 111?, 1II?,
4111?,111?,111?,111?,1H?,I31?,111?,1H?,111?,III?,1H?,1I1?,IH?,131?,
41H?, III?, 111?, 111?, 131?, III?, 111?, III?, IH?, 1H?, IH?, 111?, IH?, 111?,
41H?,IH?,IH?,1H?,iH?,IH?,1H?,1H?,1H?,1H?,1H?,IH?,1H?,III?,
5111?,1I3?,111?,111?,111?,111?,111?,111?,.111?,YH?,111?,111?,IH?,111?,
51HA, IHB, IHC, 1HD, IRE, 1IJW, MG, IHH, 111I, 1II?, 111?, IH?, 1H?, III?,
51H?, 1 II? , IHJ, 111K, 1 HL , I lM, I HN, 1 HO , 111P, Ilia, MR., III?, I H? , III?,
6131?,111?,1H?,111?,1H?,IHS,1HT,1BU,1HV, M,IHX, MY, IHZ,1II?,
61H?, III?, III?, 111?, 1H?, 1110, 1111, 1112, 1113, 1114, 1115, 1II6, 1117, 1113,
61119,111?,111?,111?,111?,111?/
DO (I = 1 , IPR)
K1 =
 INPUT( I) + 1
WHIN MI. LE .256)
I OUT( I) = ICNTAB(K1)
:..FIN












C COMPUTES THE DISTANCE BETWEEN TWO VECTORSC ^:
C DESCRIPTION OF PARAMETERS
C %k
C CALLING SEQUENCE ^-C INPUT
C V1,V2 - TWO VECTORS
C ND - DIMENSION OF 'T'AE VECTORS
c OUTPUT
C CALLING SEQUENCE
C D	 -- CONTAINS DISTANCE BETWEEN V1 AND V2C %k
C*^:i:*^::kx:^:::^;:ie^;^^:%kY::kSY•^%l:%k^:^;:t::l::::k:l:%k^*:k^:y::l;:k*:YY%:f%%k^ ;k=k%k:Y^::k^xrhY:^:KY;X::k^:k*:k^::k^^****^:^%k
C ^

























C CREATED AT NASA/JSC	 (ASTEP) -
c
c:^^c^^^;*x:^:,^;y::r^:x:x:^:rc:^x::r;:rx:^::r^;:,^^:^*:^:^:r.^:^:^.^::K^::^^:^:^:^::^;^^:^:^:^^:x.:}::r:^::;::^: ►::^::^:xxJ::;::r:x:^:::::^;^::^•x.:r::^:
SUBROUTINE EIGEN`(AA, N, brV, A, E, R)
DIMENSION AA(N, N) , R(N, N) , E(N) , A(N, N)
202 FORMAT(//" SUBROUTINE EIGEN ERROR RETURN-FINAL NORM HAS NOT
1BEEN REACHED AFTER 100 ITERATIONS"/)





RANGE= 1. El -6
IF (NV- 1) 10, 25, 10
10 DO ( I= 1,N)
.	 DO (J=1,N)










IF(I . E(Q. J) GO TO 35











IF( IGNT . Ea: 100) GO TO 200
50 MQ7- 2
55 NP= 1
. 5 %=(A[ PiP,1+IP) -AE MQ, MQ) )
62 IF(ABS(A(MP,MQ.))-THR) 138,65,6 5
65 IND= 2
X--.  5*(AQJP, YX) -A(Ma, MC))







S INX-Y/SDRT(2. *( 1. +( SORT( 1. --Y*M) )
S I N^;2= S I N^€y:S I NX
COSX=SQRT(1.—SINX2)
COSX2= COSX*:COSX
S INCS= S INK1cCOSX
YXX AMP, P.M)
YY= A( PIa, DID-)
ZZ= A( PIP, PI(,1)
DO ( I = 1, N)
A( 1. DIP) *COSX--A( 1, X(l) *S INK
A( 1, Ma) = A( 1, MP) *S INX+A( 1, XQ) $COSX
• A( I, MP) =X
IF(ll;f 1) 120, X25, 120
• X= R( I , k1P) ^:QOSX R(I , ^+I(,L}:YS INI€
R( 1, DID-) = R(I , hP) *SINX+R( I, P10) *COSX
R( I, DIP) =X
. CONTINUE
.FIN
X= 2. *ZZ*S INCS
Y (,'M*COS!M) +(YY*S INYM) -X
X= (XX*S INX2) +(YY*COSH) +X
A ( rIP , PIP) = YA010, rIQ) =X
A(MP , DIG!) = (XX YY) :r•S INCS+ZZ*(COSX2-S INS)
A(MQ,, MP) =0.
DO (I=1,N)
A(PIP, 1) = A( I, TV)
.	 A( rIQ, 13 = A(I , x'!03
.FIN
IF(DJP .NE. (MQ 1})GO TO 140
IF(rI0 . NE. N) GO TO 145




GO TO 62PIQ.__ No-+ 1
GO TO 55
IF(THR - ANRMD 165, 165,45
CONTINUE
DO ( I= 1, N)
DO (J=1,N)
. MI .NE. J) GO TO 190























C EL I P r:
c
y`
C DRAWS 2-D ELLIPSES OF COVARIANCE MATRICIES
C
C SEaUENCE:	 EL IP REQF IL S I GF ILC A=
C y :ta,.	 y	 yyC 1♦ '1•'i_/7`^TT^`!• ^ •^+^.:k:l-^^: TT TT:^::r:l^ ^^+*:k:^-^%^:Y.{r^r`:j: ^^^♦ ^ ^ • I :^ +I+Ti • ^^T^ ♦{ y  y3* {. ii+^`. j^^ ^^HT^^ ^+^ ^ M^ ^ 1 lr ^:j: ^:
C :t:
C CREATED AT GEORGIA TECH EES
C
C PROGRAMMER:	 G. DAVID GENTRY
C ,;•
C^:^^:^^^^:^^:^^;1:^»:^:t;:l:^^:^:^c:;::^^^^::;;^ ^=:k^:x^::l::k^:k:l:x-:?:,y::k:k:l:y-^::>=^;^::1;^::h:(=:f::^^ ^;:r.:r:k:^:;::;::::^:•r,:Y.:^,"•x^:lc:^:
DIMENSION RFQ(30),SIGFIL(30) ,E(2,4) ,R(2,2) ,D(2,2) . IORDER.(20)
DIMENSION COVIN(4,4,20),RIIN(4,20),NI(20),N2(20),N3(20),N4(20)
DIMENSION 0OV1(2,2),SffI(2), ISW(2)
CALL OPEN( 1, "0014. CH- 1 , 1, IERR)
CALL COIJARG( 1, REQ, I SW, IERR)
CALL CON-ARG( 1, REQ., ISW, IERR)
CALL C(DPIARG( 1, S IGF IL, ISW, IERR)
CALL FOPEN€2,REQ,"B")I0=10
ACCEPT "INPUT NMIBER OF EL IPSES PER PLOT	 u , NMIS
I III= I 1
ND=2
NS I G= 20
CALL 110DE( 1, 1. , . 5, -1. )
DDS I G= NS I G/NMfS
DO(JV= 1, PISIG)




. lc= JJ+ 1




DO ( I I = 1, NSIG)
SI,I1( 1) = 255. —SHIN(JJ, II)
. SKI (2)=255. — SHIN(ICK, II)
•	 COV1( 1, 1) = COVIN( JJ, JJ, 11)
.	 COV1( 1, 2) =COVIN(JJ, KK, 11)
COVI(2, 1)=COVIN€II0K,JJ, II)
.	 :	 0OV1( 2, 2) =COVIN( 0C. Iii, 11) 
.	 CALL FACANL(COV 1, SkI1, ND, E, R, D)
CALL DPLkVER(STII,EE,COVI,.AY.1,.AX2,R, ID)




•	 :	 :	 CALL DRAW(Q ♦ , 0 , , 1, 0000 )
:	 CALL DRAW( -- . 5 , 8.5 , 1, 1001)
:
IF (X0. EQ. 2)
hO=O
. CALL DRAW((1. , 0 , , 1, 0000 )
.	 CALL DRAW(0. , --9.5, 1, 1001)




















C CREATED BY NASA JSC
C
SUBROUTINE FACANL(COV, SDI, Nil, E, R, D)
D ME NS ION COV( ND, ND) , SH ND) , E(ND, 4) , R(ND, ND) , D(ND, ND)
NT-- o






.	 IF E( 1, 1)	 . LT. EMA:X)	 GO TO 50




.	 DUM= E(J, 1)
E(J, 1) =E( IS, 1)
.	 E( IS, 1) =DUM
DO (I= t , ND)
.	 DUI- R( 1, J)
.	 :	 R( 1, J) = R( I, IS)








DO ( I= 1,.ND)
_ E[ I, 2) = DU^iti EC I, 1)
E{ I , 3l = EI^IAK+E{ I, 2)
Ehi^ E[ I , 8}
:..FIN
DMI0.





DO (I= 1, ND)
E(J, 4) =E( J, 4)+SM( I) *R(I, J)
.FIN
E(J, 4) =E(J, 4) /DMi	 -











C	 PERFORMS A HIGH-PASS FILTER ON DISPLAY ^-
C	 CREATED AT GEORGIA TECH EDSC
C	 PROGRAMI+IER.: 	 MICHAEL D. FURMAN a:
C
Ci%K:;;+`%.:t::==^^'`n'+::=+1:+;+`.:r..`i+%:'+ry+::=vi.:^::^::^:^.=:^;%1=:^;`^;:^;%i: k%^ ?::^;J^=%^%^;:^'.:^:7;^+'}:::^;	 :"+%r:f+:^::n n •J,::;: ;;:}:;%^+%^+:^==:¢;:; ^L
INTEGFER IN( 512, 3) , INAG1( 256) , IDUG2( 512) , IMAG3( 256)
INTEGER IN2( 5.12, 3) , IN3( 512, 3)





ACCEPT "ALL 3 IMAGES AT ONCE? (1 = YES)	 ", IANS
IF ( IANS.NE . 1) ACCEPT "DUGE NUI4IBER(0-2)	 ", 1112
.FIN
DO ( IM=O, 2)
IF ((I4NS.NE. I) .MID. (INODE.NE .512))	 IPI lM2
DI3= 2
. D14=3
.	 DO (1 = 0, 1)
.	 CALL IMREAD( IN, I,IMA.G1,256)
.	 CALL UPAC8( II+IAG1, IN( 1, (I+1)) ,256)
:..FIN
DO ( P15= 2., INOM2)
1+i5M1=115-1
CALL I PIItEAW IN, N5, I.NAG1, 256)





•	 DO (K--2,1110111)	 IMAG2(X) = FI4IAG2(K)+IN(K 1,J1)-i•IN(K,J1)+IN(K+1
DO (I= 1, INODE)
.	 IPiAG2( I) _(INt I,14I3)*23-C C iMAG2t I) X9.0)+a.a)
.	 IF (INA.G2 ( I) . LT. 0) 	 IP1AG2 ( I) = 0
IF ( I14IAG2( I) . GT. 255)	 INAG2( I) =255
:..FIN
.	 CALL PACSCIMAG2,IMAG3,512)
CALL INWR.ITE( IN,M5H1, INAG3, 256)
.	 VEEN (1414. EQ.. 3)	 3414= 1
.	 ELSE M4=M1+ 1
VIM, N (113. EQ. 3) 1413= f
.	 ELSE N3=1+13+ 1
.FI1^













C THIS PROGRAM SUFIS AREAS OF ALL MAXIPIM LIKLIHOOD CLASS
C WITHIA A SPECIFIED POLYGON
C POLYGON DATA IS THEN DUMPED TO TAPE :i~C
C SEL.JENCE: GETPOLY INPUT PITU: F PITT: F :kC :Y
Cry:^:^:^.^:;^::,^^;:Y.x:;::^::I=:f::l:^::I=:;::k^::P:^::1:^YX:N^.^:fc^*:fc:Y.:Y.:f=^-^::f::f::k:Y•:^::Yd=^='^ ^Xc^::Y:Y^::i:x::^:Y:^=^•ic:^:Y::f::::^ :f:^:•°,:^ *:k^:f=C
C CREATED AT GEORGIA TECH EES-
:
C PROGRAMMER:	 N I CI^OLAS L. FAUST x=C .y:
DIMENSION COUNT(60) , JBUF( 3300) , I Vim( 201) , IVY( 201)
DIMENSION LA(233) ,KBUF(3300)
DIMENSION IFIL(20) , ITAP(20),JTAP(20)., ISW(2)
IIN=1I
I I0= 1(3
14AT F OPEN( 1, "CON. CM ", 1, IERR)
CALL COPL4RG( I, IF IL, ISW, IERPL)
CALL COPLA.RG(1, IF IL, ISW, IERR)
CALL COi+1ARG(1, ITAF, ISW, IERR)
CALL COPi41I0( 1, JTAP, ISW, IERR)
CALL FOPEN(IIN,IFIL,"H")




DO (I= 1, 133)LA( I) =0
400 FORPIAT(2X, " INPUT 1 FOR OUTPUT OF POLYGON TO TAPE".)
DO (I = 1.60)	 COUNT(. I) =0.0
READ(I1N) IOUT
IMITE( I IQ) IOUT
ICUT=10000
WRITE( 110,401.)




. TIP, ITE( I I0, 402)
402 FORXAT(2X, "INPUT THRESHOLD ")










READ ( I I N) NV
Ifft11EC 110) NV
201 FOIIPI4T(2I2)
DO (I= I , NV)
.	 READ(I IN,206)
	 IVX( .I) , IVY( I)
•	 IVY( I) = IVY( I) - I START+ 1
IF( IVY( I) .LT.1.) IVY( I)=1
.	 IF( . IVX( I) .LT. 1) IVX(I) = 1
VRI TE( 110) I VX( I) , IVY( 1)
.	 IF( IVY( I) .LT. IYTIIN) IYPIIN= IV-Y( I)
.	 IF(IVX(I) .LT. IX lN)
	
IMTlN=IVY(I)








I VK(NV+ 1) = I Vf€(1)
I VY(NV+ 1) = IVY( 1)
IDEL= IWIAX- IYMIN+ 1
WRITE( 110) IDEL
IF( IOUT. EQ. 1)
JBUF (1) = I DEL
CALL MTDIO(4, 50000K+3300, JBUF, IS, IE)
.FIN
ISKIP= ( IYI'IIN-1) *2+ 1,
IF( ISKIP. GT . 0)
206	 F'OMIATf 214)
DO (K= 1, ISKIP)




DO ( J=1, IDEL)
DO (I=1,3300)JBUF(I)=60
DO (I= 1, 3300) KBUF( I) = 10000
CALL IrM 10M 4, JBUF, IS, IE)
CALL PTTDIO(3, 0, KBUF, IS, IE)
ISW=2








IF(JS. LT. 1) JS= 1
JF=LA(L2)
I RITI4(I IO, 2B) JS, JF, JV





. iv-- JF+ 1
DO (J1=JS,JF)
.	 IF(IMUF(J1) .GT. ICUT)JBUF(31)=60
LSI=JBUF(J1)
IF(LS I . GT. 60) LS 1=60




IF( IOUT. EQ.. 1)
CALL MTDIO(4,54000K+3300,JBUF,IS,IE)









IVR.ITE(I IO, 100) K, COUNT( K) , ACRE
100
	
F'ORMAT(2K; "CLASS # ", 110, " SIZE ", F1.1.O, " ACRES ", F 11.0)
..FIN
CALL MTDIO(4,60000K,JBUF,IS,IE)




OF POUR Q A.f.ltT
C x:
C GSIG	 (SUBROUTINE) x=
C
C GETS CLASSIFICATION SIGNATURES :►:
C NUNi IS INPUT FILE (NMIES OF SIGNATURES TO BE RETRIEVED) a:
C NUN2 IS SIGFILE FROM WHICH SIGNATURES WILL BE TP -N ^'^
C
C^;x:**^akx:^::isx-^:^:^:X^x:^=:::^:k:i::k:t::?:^:^::f:x:^^::K*:t:^::le:f;:^-=f::Yx•^ ^:.^::;;:Y:k:x^l:x::^^?::1::;::^.^ ^ ^ Y=^k:^:^::k^:^ :r::^.U::^;:t::^;^;:k:i:
C t
C CREATED AT GEORGIA TECH EES x:C a:
C PRo(mmIPIER:	 N I CKOLAS L. FAUSTC
C:t;a:x:x:x:x:^ x:x::isV:t::x:.Nx::rx;•r,.:t;:t:1:: :t:x:s::t.:t::^:^:.r^::F:.h:t;:t:x:^:;; ;:>;w;;::;: :x:x:;^wx:;:x:kx::,::^;xc:; ,::;:::a::t;x:;r.:^:r;:^:;^^;;;x;
SUBROUTINE,
 GSIG(A, B, NSIG, ITENSIG,N1,I12,N3,N4,APR)
DIMENSION A(4, 60) , B(4, 4-, 60) , SX(4) , COV(4, 4) , ITEPiS IG(34)





•	 READMMN' 1 , 100) ITA1 , NA2, NA3, NA4, APRI
.	 N1( I) =NAI
N2 (s) = NA2
•	 N3(I)=NA3
AN4( i } °NARY
•	 APR( I) = APRI
. CALL FOPEN(NUN2, ITEDISIG, "E")
•	 READ E INARY( NUN2) IT_4PI , ITAP2, ITAP3, IDATI , IDAT2, IDAT3
.	 ISET=O
.	 I^ZIILE( ISET. EQ. 0)
•	 TREAD BINARY(NDN2, END= 120)NS1,NS2,NS3,NS4
. RE, AD B INARY( NUN2) NP. SPI, CQV
.	 I F (NS 1 . E0-. NA 1 . AND . NS2. EGA . NA2)












100 FORPJAT(4A2 , F 10.8)





C^k*+1^*^:*X'+:k+^+1;^:xaK*^^%K:t:*x:Xc^^kak:k^+*%k:k:^^:akak^Sk**^ ^*+'^:Y*%k*%I^ak:F;X: `.k+ '^%k%k%^:^cx: ak%r+^+at:^::^::t^*^::^x;%k*x: %kC
C	 HISTO ( SUBROUTINE)
C	 x`
C	 THIS SUBROUTINE CALCULATES AND DISPLAYS A HISTOGRAM FOR A
C	 SPECIFIED DATA SET - 4 CIIANNELS = 4 HISTOGI ADIS	 x:
C	 x:
C	 CREATED AT GEORGIA TECH EES
C
C	 PROGRAMMER: NICKOLAS L. FAUST
C	 x
C:f:^:^:^f:x:*^:x::^::)::t::^::Y.: Y:x:x::^:t:^::^:Y::!::;:;;:^::1:^:^:y::Y-^ :,::;::i::^::;:^;:{::;:>;:•.r::1:^::1: ;:y: Yx::^:l:a::;::f::}::^::::_:3::k:7::i:•^ :i :,::f::t::;::^::{::i:
SUBROUTINE HIST(MD
DIMENSION  ICOUNT(4, 100) , ?lAK(4) , I'IIN(4)








DO (I = 1, ND)
DO (IL I,NUDD
J= IX(K, I)
IF(J . EQ. 0) J=99
IF(J.GT.99)J=99
ICOUNT( I, J) = ICOUNT( 1, J) 1
:..FIN




IF( ICOUNT( KCH, KK) . LT. NIN(KC 1)) MIN( KCII) = ICOUNT( KCH, XK)
IF( ICOUNT( KCH, KK) GT. MANX( KCH) ) TIAK( KCH) = I COUNT( KCII, KK)
:..FIN
IF QW,'t. KCH) . Ea. 0) mx KCH) =1
DO (JJ=1,60)





DO i 11, 5121 IDUPI(K) = 0
DO (KCIII 1,4)
ISUB= ( KCII 1) x;60+NJ





I DTAR 180) =140
CALL CPACX1( IDUM, IXODL, 0)
BMN(L.NE.1)CALL IIWTRITE(0,LI,.IMODL,256)
ELSE
DO (L2=1 , 255)
: IFIODL(L2) =106214K
:..FIN
CALL I11WRITEM LI, IXODL, 256 )
.FIN









C THIS PROGRAN PRINTS IIISTOGRI"S AND STATISTICS
C FOR ALL SIGNATURES IN A FILE
C
C SEQUENCE:
	 HISTPR HISTFILE SIGFILE x:
C
C CREATED AT GEORGIA TECH EES L
CC PROGRAMMER:
	 NICKOLAS L. FAUST
C :i=
DIMENSION ICOUNT(4, 100) , IF IL(20) , IPLX(4) , ICOL( 123)
DIMENSION JFIL(20) ,COV(4,4) ,SDI(4)
INTEGER Z, ISW( 2)
COMON /LBLANK/IBL
DATA I BL /111
CALL OPEN( 1, "CON. CI'I" . 1, IERR)
- CALL COMAMG( 1, II' IL, ISW, IERR)
CALL COPIAIIG( 1, IF IL, ISW, IERR)
CALL COPIARG(1,JFIL, ISW, IERR)










.	 V AD B INARY(2) MOUNT
• READ B I NARY(3) NA 1. NA2 , NA3 , NA4
•	 M- D B I NARY(3) NP. SPI, COV
.	 Tti1ITE(Z, 142) NAI , NA2, NA3, NA4
•	 WRITEC Z) NP, SII, COV
•	 DO [ I = 1,4) 1P=( I) =0
.	 DO	 (I=1,4)
DO (J=1,100)
•	 IF( ICOUIIT(I , J) . GT. IPIAK(I)) IPIAII( I) = ICOUNT(I , J)
•	 ..I'IN
.	 T_P'( IDM( I) . EQ. 0) MAY( I)=I
•	 DO (JJ=1,60)





.	 DO 0(l = 1,  10)
.	 K?= 11—K1
.	 DO (K3=1,60)
.	 :	 K10= K3+2
I(iOL(K1O) = ISL
.	 K11=X63+K3
.	 ICOLC KI 1) = ISL
.	 T.r( IGOUNT( KO, IC`,) . GE. IM) 10 O( K11) = IH*'
.	 Ic12=K0-1
•	 IF( ICOUNT(Il-12, K3) . GE. K2) ICOLC KI0) =1T
:..FIN
.	 ICOL(2) =1III
.	 ICOL( 63) = IHI
•	 WRITE (Z, 104) ICOL
:..FIN 
DO (KQ=1, 123) ICQL(KQ) = IM--











100	 FORMAT(2X, 10 TAPE IDENTIFIER -- ", 312)
101	 FOIIIMIAT€ 2K, "SIGNATURE,  TARN ON - " , I2 , "/ " , I2, "/'^ , I W )









C INITCL	 (SUBROUTINE)C ^:
C PURPOSE: '
C INITIALIZES THE MEAN VECTORS AND ktEIGRTS FOR THE CLUSTER
C ING ALGORITHMS




C VM — VECTOR MEANS
C NVM -- NUMBER OF VECTORS IN V^
C NVG — WEIGHT ASSOCIATED WITH EACH MEAN =
C I00 — D I PIENS I ON Or EACH VECTOR IN VM %e
C HOLLERITH OPTIONS 4'.
C ZERO — SETS INITIAL MEANS AND WEIGHTS EQUAL TO ZERO
C OLD -- RETURNS WITH PREVIOUSLY COMPUTED MEANS AND WEIGHTS
G NEW — ALLOW MEANS AND WE I GHTS TO BE INPUT ^= .
C OUTPUT x
C CALLING SEQUENCE
C ZfiI — VECTOR MEANS
C NVDI -- NU-TIBER. OF VECTORS IN VPI
C NVG — WEIGITi ASSOCIATED WITH EACH MEAN
C PRINT
C DISPLAYS INPUT IF CART] OPTION IS NEW :ic
C
C REMAURJI S AND RESTRICTIONS
C AFTER NANELIST INPUT A CARD WITH THE WORD YES IS IIEQUIRE ^ r
C INDICATING CORRECT INPUTS IF NOT REPEAT NANELIST INPUTS
C =^
C :(.:i::^;.h.[•^rt.i;.^ ::j::1::?::I;:7:.1• :^:T:I;:i:%I:1:,1•:+^::?;-5^^^+T:^.-^.:;::I:i`^::i:^;%1.^,^•[:%i::. i^+ 1TT^;.[+:?:^::i ;n:.i+:I:^^^:^h:^K;:' ^; :I.T+Ff:+^:7•r]::^:I:
C ^'
C CREATED AT NASA/JSC 	 (ASTEP)
C
SUBROUTINE INITCL(VPI, NVG, NVM, KNO)
DIMENSION VM(240),NVG(20) ^!
COPIKON/ INOUT/ IOUT, INP
1040 TIRITE( IOUT, 1050)
1050 FOML4T(38H CHOOSE VALUES FOR INITIALIZATION rROI+D
IsRITE( TOUT, 1055) H
1055 F011214T( 15H ZERO	 OLD	 NEW) 'J
READ( INP, 1030) IAI4
1030 FORMAT( A6)
IF( IAN. EQ. 4HZERO) GO TO 1100
IF( IAN. E0-- 3HOLD) GO TO 1200
IF( IAN. EQ. 3HNEW) GO TO 1150 f
IMITI';( IOUT, 1060) IAN a










1175 WRITE( LOUT, 1160)
1160 FOMIAT(21H S ININIT 	 VPI, NVG, NVM)
WRITE( IOUT, 1022)	 NVII,. ( NVG( I) , 1= 1, NVM)
1022 FORMAT( 7II NVDI = , 12,711 NVG =	 , 2016) A
CALL PIATPRT(WI, KNO, KNO, NV`M, 51DIEANS)
WRITE( IOUT, 1020)
1020 FORIIAT(32H TYPE YES IF INPUTS ARE CORRECT.)
READ( INP,. 103@) IAN








C:^:}::s}:^:n :k:k:k:;;^::}::}:X:^:^:^'::1:^:^ ti :;;^::K:k^:Y^;sY.^}:•"}:^k^:•'f^^t:^x:^x=:I:^++:1;^=k^^^:l::k^:Y;:^::t:^;X:^:k^^;:;:a1::y^::;^^ :;;:r:i;:Y:K
C
C	 INPUTS I G
C	 ALLOWS MANUAL INPUT OF SIGNATURE FILE
	 !:
C:is:k:}::ti^;:,L':%:k:k1::1;:}::,:^ :h^;Y::k^::k?^c. ^:k^::ks!,^::i::(:x::!:•y;:k^::f-:P:^:t:.k:k:r`.';:?;:k^:?;^;:1:^::I::;;X::,:^1-:}=^ 'dc^c:}::i^^::l::l: ;::i :f;^:x;:f: ::i::r
C	 CREATED AT GEORGIA TECH EES
C
C	 PROGRANDIER: NICKOLAS L. FAUST
C
E.:k^:f.::k:!::!:;,^^::;:^::,:^::^;Y::::;.:},-^.^::;:v:^;ri:.y::k:f :^::t:^;:?"::::1:=1::1:Y;::::1::l:;^::k':;;:1:y;.Y:K:}: y::i::::;::;::;::3;.I;:^: •^.^;;r..s..r•^••r•^^;,.v..r.;}. ^..r.. k v.:kryw	 I. rr^rr•r.^• Arryrw•r .^•••r.
DIMENSION COV(4,4) ,MI(4)
C'-1L OPEN(3, " INSG" , 0, IE)








VRITE BINARY(4) IT1, IT2, IT3, ID1, ID2, ID3









: Will ITE( I@ 1 104) K.
. : READ(3) (C0V(K,J) ,J= 1,4)
:..FIN
WRITE,
 B INARY(4) NA1, NA2, NA3, NA.4
:..F RITE BINAR.Y(4)NP,&I,COV
100 FORMAT(4A2)
101 FOMMT(211", " INPUT TTAI , NA2, NA3, NA4
102 FORM&T(2X, "INPUT NTRIBER OF POINTS
103	 FOIUTAT(2X, "INPUT 000 I) , I=1, 4) ")
104	 FORDIAT(2X, " INPUT ROIL











C	 USED TO CALCULATE EXTREMES FOR A LINEAR CLASSIFICATIONC
C:l-:f;^::k^;:Y.x;*:l;Y:^;^::f::l;^ ^^^^*^ ^^^*^'::{:x:*^:::;^:t::i::Y:fc:k^:^:^^;:k:tt:f::Y^•k:*:{::k^.^:Y:r^:^ak:YSk^^::^:^-^ ^^:^X::F:k^;*:I^
C	 :t:
C	 CREATED AT GEORGIA TECH EESC	 :f;
C	 PROGRADDIER: NICKOLAS L. FAUST:
C:i:^=1:^:?::f::3;:k:1:^::i::;: ;C:;:.y::f;:f::f:Y::f::l:Y::isY;^?:.y:ti:^};x:w:;:ry;:k:f::;::i:.a:^;:;:^:ry;ti :Y:i:y;n :i::i;^:^;:t;:i: ^=•'':^ .J;^;:l;:^:i;:;:::::k:::;::j::f:ry :Y.y::^:?:
SUBROUTINE LINBOXC APILAN, IiCOV, NSIG, ND)
DI DIE,
 NSION AM Alf (4, 10) ,BCOV(4, 4, 10)
INTEGER DELLIN
CODR-ION/BOR/DELL IN(4 , 10 , 2)
DO (K I.NSIG)
DO (I=I,ND)
DIF- (SQRT(BCOV( 1, I , K)) /2.) :i;3 .
D ELLIN(I,K, 1)=MfEAN(I,X)-DIF
:..FIN IN( I,K,2) = AY'IE4ffC I,I0+DIF








(',x;^:k:K^^ :r;*^^^^k '^ ^*^*^:*^^:M^C*^***:J~^;:^^k:f:^:I:  ;e:t:^^^:J;:i`::k^^=^"•**^-::;".::'^:^^;:;::;:^:^:=Jr^:k:^:t:*^:^^:^;^::^;y;y;
C	 LINCLASSC	 =^
C	 TIIIS ROUTINE CLASS IFIES POLYGONS WITH A LINEAR CLASSIFIER
C	 AND CREATES TI ESLIOLD ARRAYC
C	 SEQUENCE: LINCLASS INPUT DATAP SIGig IL LINTAPC	 :k
C	 y:
C	 CREATED AT GEORGIA TECH EES=
C	 PROGRMMR: NICKOL]S FAU;sT
DIMENSION TIM-SH ( 812),ISW(2)
INTEGER. DELLIN
C01010N/A/ AMEAN(4, 10) , BCOV(4, 4. 10) , IVX( 101) , IVY( 101) , B( 400) , DET( 10)
1, LA( 133) , NVG( 10) , COUNT( 10) , IBUF( 1650) , I 1(30) , I2(30) , I3(30) 14(30)
2, I ORDER( 10) , NAPI1( 10) , NAM2 ( 10) , NAP13 ( 10) , N AT14 ( 10)
C0DRl0N/I)/JBUI+'( 4,1310) , IDUN(S 12)
COIRION/BOh/DELLIN ( 4, 10, 2)
IP=12C
C	 FILE STATEMENTSC
CALL OPEN( 1, "COK. C11", 1, IERR)
CALL COMPG( 1, 11, IS W, IED.R)
CALL COPIARG( 1, 11, ISW, IEIM)
C_4T.L CONARG(1, I2, IS 14, IERR)
CALL COXARG( 1, 13, IS11, IERR)
CALL CONARG( 1, 14, IStiV, IERR)C
C_A'LL OPEN(2, 11, 0, IE)
CALL klTOPD( 5, 14,0, IE)C.
C	 OPEN TAPE FILE
C





NRITE( IF) ITS IGC
C	 GET SIGNATURES FOR CLASSIFICATION
C
CALL GS IG(AMEAN, BCOV, NS IG, NUN 1,M2, 13, IORDER., NA111, N_U12, NA113, NAP14)C
IYNIN=1000
CALL LINBOX(AMEAN,BCOV,NSIG,ND)IMIIN= 1000I ,wiAx= 0
WRITE( IP, 202)
READ ( 2 , 20€t) NCDO ( I=1, NC)
: W ITEt IP, 205) I
READ (2, 206) IVX( I) , IVY( I)
IVELIM, ( IP, 206) IVX( I) IVY( I)
IF( IVY( I) . LT. IUIIN) IYPIIN = IVY( I)
IF( IVX( I) .LT IYPIIN) I>IIN= IVX'( I)
IF( IVY( I) . GT. IYNAX)	 IVY( I)























IDUM 1) = IDEL
IDUI(2)=I.MIN
VRI'VE( IP) IDIJI'I( 1) , ID1"1(2)
CALL PITD I O (5 , UOOOOK+812 , IDWI, IS, IER, NW)
WRITE( IF) NW
DO (J= 1, IDEL)
CALL PTTDIO(3, 0, IBUF, IS, IE, NW)
ISN=2






CALL LINEAR( JBUF , NN, IC, ND, NN, ANDEAN, BCOV, JQ, IDUN, NVG, TIIlIESH)





I DUI( LV) = I DMI( LV 2 )
THPXSIi(LV) =rfHRESH(LV--2)
I DU1(1) = JklOVE
IDUTI(2) =JQ
CALL 11M 10(5, 	 IDUlI, IS, IER)
CALL XTD I O(5 , 5000OK+812 , TfiBESH, IS, IER)
TOT= TOT+JQ
DO (I= 1, JOB
. LSU = I DIUI( K+2 )
.	 COUNT(LSUB) = COUHT(LSUB) + 1
.FIN
:..FIN
DO (K= I I Ni TG)
PER- ( COUNT(K) x:100) /TOT
• • FWRITEM 12,102) K, COUNT(K) , PER, NAM (K) , NAN2t Ill , NM13(K) , NM14(K)
CALL KT D 1 O(5 , 60f OOK, IDWI, IS, IER)
CALL WD 10(5, 60000K, IDUDI, IS, IER.)
FOMMT(2X,"CLASS
	 ",14," NUMBER ",F7.0," PERCENT ",F4.0,2R,4A2)
FORDIAT(wR, 4A2)
FOMIAT( 12)
FORDIAT(2R, "INPUT # OF CORNERS 1)
FORNAT(2X, "INPUT CORNER # ", I3, "J, I")
FO°ATM 2I4)





















C CREATED AT GEORGIA TECH EES
C
C PROGRAMMER.: 	 NICKOLAS L. FAUST;C
C^ak*^^**:t:^;:t::t»:;::Ic:tc^*^k^^:.Y^::k:t::kk^;^a:t:^^=:1::1:x::1:Y:^Y^k^*^I-:k•^^:µ^Y^Y:t;*^:t; v^::":fin :YY::I::^^ ^;>;:1::1: ;^:t;^l::;::t::};:1::t:
SUBROTJTINE LINEAR(V, NVM, ICOi?NT, ND, NS IG, AMEAN, BCOV, NL, IDUki, NVG,
{THRESH)
DIMENSION  AMEAN(ND, NVI'I) , BCOV(ND, ND, NVDI)
INTEGER DELLIN
DIMENSION  V(ND, NL)









•	 IF(JPT. GT . NL)RETURN
MIN=1
•	 D IST=1. E+6
•	 DO (I= 1,NVM)
KSUPP 0
sinl= () . 0
DO (L=I,ND)
•	 IF(V(L, JPT) . GT. DELLIN(L, K, 1) . AND. V(L, JPT) . LT. DELL IN(L, K, 2) )
.	 SUM=SUM+ABS(AIIEAN(L, K) -V(L, JPT) )










.	 THRESH( JPT) =D IST
.	 IDMI( JPT) = IMIN
=	 NVG( IMIN) =NVGC IMIN) +1
.FIN
100 F6kiE1T(2X, "ENTERED LINEAR ", 16, " TIMES ")










C PRINTS ALL SIGNATURES , VERTICIES 	 OR HISTOGRI"Is x:
C FOR A SPECIFIC FILE x:C x;
C SEQUENCE:
	 LISTALL FILEC :t:
C ^:
C CREATED AT GEORGIA TECH EES x:C ^;
C PROGRAMI^sIER:
	 N I CKOLAS L. FAUST is
DIMENSION IFIL(20) , SP?(4) . COV(4, 4) , ICOUNT(4, 100)
D I I'IENS I ON I V ( 101) , IVY( 141)
DIMENSION ISWS(.2) . FIELD( 17)
CALL OPEN( 1, "COPT. C pI" , 1, I	 )
CALL COMARG(1,FIELD, ISIS, IE)
CALL COPI_ARG( 1, FIELD, ISIS, IE)
CALL F0PEN(2,FIELD,"B")
WRITE( 10, J55)
READ (I I) I OUT





READ BINARY(2) ITAPI, ITAP2, ITAP3, IDAT1, IDAT2, IDAT3
WJLUTE( TOUT, 180) ITAPI, ITAP2, ITAP3, IDATI, IDAT.9 , IDAT3
FOREVER
•	 READ BINARY(2,END=120)ETS1,NS2,NS3,NS4
.	 IF( MON. Ea. 1) RE,
 AD BIN RY(2)NP,S11,COV
.	 IF( !CON. M. 2)
.	 BEAD BINARY(2)IC, IYDIIN, IYMAXl
DO ( I^1 = 1, I0 READ B I NARY(. 2) K2 , I VX(KI) , I VY(KI )
•	 .FIN
•	 IF( ICON. EQ. 3) READ BIITARl"( 2) ICOUNT
WRITE( TOUT, X01) NS 1, NS2, NS3, NS4
.	 IF( ICON. EQ.. 1)
.	 :	 IF'( ITOT. EQ. 1) KITE( IOUT) NI', SX, COV
.	 .FIN
•	 IF( ICON. M.2)
.	 IF( ITOT-EM. 1)
YrRITE( IOUT)K, IYNIN,.IWMX
.	 .	 DO (K1-1, K) IgRITE( I OU'P) XI , IVX( IC1) , I VY'(K1)
.	 .FIN
.	 IF( ICON. EQ.. 3)
.	 IF( ITOT. EQ. 1) IaRITE( TOUT) ICOUNT
.FIN
.FIN
100 FORD M 1X, 6I2)
101 F OWLA.T( IX, 4A2/)
401 FORI'MM 2X, "INPUT SWITCH
	
I —SIG . ., 2 —VER , 3 —HIS'
402 FOMLM 4I 10)






[Iq++i+.f+^++,^.^•^^1:T^:.^..1•+I••h^i+^•h^•i•R•^^:'7••hit:•7•-it•^k:{:.^'i+i.~::{•^:1.ry..j'^. .y:: ,^.:,L•ryC:k:t--^i:^•S(.':{••°.•:k-^'.[-^::{::t::i:ri:.l:n::^i:;  +'(:.`t::{::t::t:`1,:: .^.^:n•.^:::i{:
C LISTSIG =1'
C 7:
C PRINTS ALL SIGNA'T'URES FOR A GIVEN FILE
C ^^
C SEQUENCE:	 LISTS IG FILE
C ^`
C DESIGNED AT GEORGIA TECH EES =!
C :;c
C PROGR€ MIER:	 NICKOLAS L. FAUST :^=
C ^;
C:i:^:^::k^::k:kn; ::{::kY::;::t::k:i::,L•:;::k:;;:I:^::l::;::;: 	 ::,':n: ^^ :k :i*Yc:tc:{::I::{: {::{ :'i:::t: ;:^:^::;:W::t::{: {::t::;::!;:{:^::{::{c:k:{::;::y;:;::J: ;: 	 ;i;:!::k:f::{::;:
DIMENSION IFIL(20) , SIT(4) , COV(4, 4) , ISlq(2)
CALLOPEN( 1, 13 0011. CIT"	 1, I ERR ),
CALL COI	 .G( 1, IFIL, ISII, IERR)
CALL COII I^RG( 1, IF IL, ISIS, IERR)
CALL F0PEN(2, IFIL, "Ii")
MAD BINAPLF(2) ITAPI ITAP2, I TAM, IDAT1, IDAT2, IDL1T3,
VRITE( 12, 100) IT-4F1, ITAP2, ITAP'3, IDAT1, IDA'I'2, IDAT3
FOREVER
.	 READ B INARV(2 , El 14D= 120) ITS 1, NS2 , NS3 , NS4
. REAM F IIIARY(2) NP, SIT, COST
IMLITE'( 12, 101) NS 1,NS`'.,Nss,NS4
•	 WRITE,E, ( 12) NP, SIFT, COV
..FIN
100 FORM.( 1X, 6 I2)








C	 MATIN ( SUBROUTINE)
C	 :k
C	 MATRIR INVERSION PROGRAM
C	 =t:
C
C	 CREATED AT NASA/JSC (ASTEP)
C	 :k
SUBROUTINE kL1TIN(A, N, B, L IMEY, DETERPD
DIMENSION A(N,N) ,B(N) , IPIVOT(20) , INDER(20,2)
DOUBLE PRECISION PIVOT( 20) , T, SWAP, DETEMI, AMAX, ZERO, A, BG
C	 INITIALIZATION
5 KEY = N
10 DETERPI= 1. D->-0
15 DO 20 J= 1, N
20 IPIV'OT(J) =0
30 DO 550 I=I,N
C
C	 SEARCH FOR PIVOT ELEMENTC	 10
40 AMAX 0. D+0
45 DO 105 J= 1, N
50 IF (IPIVOT(J)-1) 60, 105,60
60 DO 100 IC--1,N
70 IF ( IPIVOT(ID -1) 80, 100, 740
80 IF (DAI3S(A1^IAX)-DABS(A(J, K))) 85,100,100






107 IF( DABS( ATM) - ZERO) 745,745,110
110 IP IVOT( ICOLUN) = IP IVOT( ICOLMD +1C
C	 INTERCHANGE ROWS TO PUT PIVOT ELEMENT ON DIAGONAL
C
130 IF ( IRO+- ICOLWD 140, 260, 140
140 DETERD --DETERPI
150 DO 200 L=1,N
160 S1fAP = A.( IROW, L)
170 A( IROW. L) =A( ICOLUN, L)
200 A( ICOLUPI, L) =SWAP
205 IF(1'I) 260,260,210
210 STRAP = B( IROTO
230 B( IROTY) = B( ICOLUID
250 B( ICOLUM) = . SW&r'
260 INDEX( I, 1)=IROW
270 INDEK(I,2)=IC0LUPl





C	 DIVIDE PIVOT ROW BY PIVOT ELEMENT
C
330 A( I COLUPI, I C OLU11) _ I D+ 1
340 DO 350 L= I , N
350 A( ICOLWI,L)=A( ICOLWI,L)/PIVOT( 1)
355 IF(M) 380,380,360
360 B( ICOLUID  = B( I COLMD /P I VOT( 1)
C
C	 REDUCE NON-PIVOT ROWS
C
380 DO 550 LI=I,N
390 IF(LI-ICOLMI) 400, 550, 400
400 T=A(L I , ICOLUX)
420 AC L 1, I COLUII) = . OD+O
430 DO 450 L= I , N
450 A(LI,L)=A(L1,L)--A( ICOLUl1,L)*T
455 IF(N) 550,550,460





600 DO 710 I=1,N
610 L=N+ I-- I
620 IF ( INDEK( L, 1) - INDEX( L, 2)) 630, 710, 630
630 JROW- INDEX(L, 1)
640 JCOLW INDEX(L,2)
650 BO 705 K.I,N
660 SWAP=A(IC, JROW)
670 A(K, JROW) = A(K, JCOLUM)
700 A(K, JCOLUN) =SWAP
705 CONTINUE
710 CONTINUE
DO 800 I = 1, N
J=N+ 1- I
800 DETERM= DETEIUl*P rVOT(J)
740 RETURN
745 DETEMI = 0. D+O









C PRINTS A. REAL MATRIX ^!=
jC/'11ay 	.} yy J ^}:V'i`i^N^Tr1H%7'' ..yy	 .yy	 t	 J	 (.y	 yya.	 4	 yyn Wr,^ayy.y yya^.J	 .yam	 y y /i*f"^^ +i•Ali^+^i^R++7^^Trtf^^[^`T+I•/h •[++!"+7"+iN•'••1+ {^•iR`^!I`T+1Tn^h/	 yayy . y	 (.^ww a}	 yy^ry ^aTiA• r+h'hT'i+ri^+l^%i^^R^•iST+IT^^Tll
C ,i-
C CREATED AT NASA/JSC 	 (ASTEP) kC
SUBROUTINE DIATPR.T (1 AT, NR, ItD , NC , NAM)
INTEGER. RD, P, O-
REAL PIAT(RD, NC)
1000 FORMT( 1Ii , 12, 6F 10.3)
1010 FUIl IAT( Iff ,6110)
KOUT=12
WR.I TE (KOUT, 1020) NADI, NR, NG
1020 FOlUlAT( 1H , 15X, A2, I6, 3H BY, I3)
BO 100 I = 1, NR
DO 100 J=1,NC
IF(mT(I,J)) x50, 100, 150
100 CONTINUE
WRITE 	 1030)







IMITE( (OUT, 1010) (J, J= a, P)
WRITE( LOUT, 1000)
DO 20 I=I,NR












C UNPACKS AND DISPLAYS 11ULTISPECTRAL 12 CHANNEL ^-
C DAEDALEUS SCANNER DATA AND DISPOSES REFO'RNATED DATA
C TO TAPE
C
C SEQUENCE:	 NESS MTU: F PTI'U: F :t
C x
C CREATED AT GEORGIA TECH EES
C 7c
C PROGRAMhIER:	 HIGHAEL D. FURMAN
C
^:k:k^^:^l:^:^:^i:^
INTEGER INPUT(700) , IOUT(85 0) , ITAPEI(10) , ITAPE2( 1©) , IPIAG2( 1700)
INTEGER IMA.G3( 1100) , ISW(2)
CALL OPEN( 1, "COPT. CM" , 1, IERR)
CALL COMARG( 1, TTAPE I , ISW, I ERR)
CALL COMARG( 1, ITAPEI, ISW, IERR)
CALL COM RG( 1, ITAPE2, ISW, IERR)
CALL MTOPD(2, ITAPEI, 0, IE)
CALL PITOPD(3,ITAPE2,0,IE)





.	 :	 NO= IAND( ISHFT( INPUT(JI) , 2) , 177400ID
111= TOR( PTO, IAND[ ISHM INPUT(J1) , 6) , 300M )
IOUT(L) = 10110 11, ISHFT( INPUT(J 1+ 1) , -10) )
.	 M2= IOR( ISHFT( INPUT(J 1+1) , 10) , IAND( ISHFT( INPUT(J 1+2),-6), 1400I0
•	 IOUT(L+ 1) = IOR(N2, IAND( ISHFT( INPUT()1+2) , -2) , 377X) )
: L=L+2
:..FIN
CALL TIPAC8( IOUT, IMAG2, 850)
DO (I=1,40)
IF ((IPIAG2( I) . EQ.255) . AND. ( IPIAG2( I+ 1) . LE. 10)) IPAS 1 = I+4
.FIN
IPAS2= 0
DO ( I= IPAS 1, 512)
IF ((INA02(I) . EQ.255) . AND. (IMAG2( I+1) .LE. 10)) IPAS2= I+4
..FIN
. L30=1
MN (IPAS2. GT. 0)
DO (I= IPAS2,756)











CALL PACB( IPIAG3( IEL) , IOUT, 512)
CALL RIklWRITE(0,0,I0UT,256)










( SUBROUTINE)C :t:C	 PU POSE:
C	 COI7PUTES VEIGHTED AVERAGE OF TWO MEAN VECTORSC




C	 V1 — I ST VECTOR MEAN
C	 V2 — 2 ND VECTOR llEAN
C	 N1 — NUMBER OF VECTORS USED TO COMPUTE V1
C	 N2 — NUMBER OF VECTORS USED TO COMPUTE V2
C	 ND W D LIENS I ON OF VI AND V2
C	 OUTPUT
C	 CALLING SEO`UENCE :r.
C	 VI — WEIGHTED AVERAGE OF INPUT V I AND V2
C	 NI — NUMBER OF VECTORS USED TO COMPUTE OUTPUT V1
C ^:
c
C	 CREATED AT N_9SA/JSC
	 (ASTEP)
C ^:
SUBROU'T'INE IIODIF'Y ( V1, V2, NI, N2, ND ?





DO 10 I = I , ND
IO VI( I)
	 = ( XNIY:V1 ( I)	 + XN2Y•V2( I)	 )*XNIN2







C PACKS A STORAGE ARRAY TO ELIMINATE A VACATED SLOT, MOVES 	 :►,
C ALL VECTORS WITH INDEX GREATEF THAN INDEX OF VACATED
C SLOT DOWN ONE POSITION IN THE ARRAY
C ^:






C V — DATA ARRAY
C ND — DIMENSION OF EACH VECTOR IN V
C NV -- NUMBER. OF VECTORS IN V
C IND — INDEX IN V OF VACATED SLOT 	 -
C OUTPUT
C CALLING SEQUENCE	 .yc
C 'V -- PACKED ARRAY	 =^C
C
C CREATED AT NASA/JSC	 (ASTEP)	 sr.
C y






DO 10 J= 1, ND









C POLY2	 (SUBROUTINE)	 x;C
C CALCULATES POLYGON INTERSECTIONS FOR LINE AND POLYGONC :^
Cx:>K^^kx;y`:K:i;*:kx;x:x:^}:^kX=^*:l:***=t:;k^k*^*x;^x;*sk:k:K*x;**x=:k****ak:k^kxc:kak*:!:**:yak**^x`x:^ *xc**:kX=x;*^
C CREATED AT NASA/ERL	 x:C
C PROGRANMCR:	 RONNIE PIERSON
C
SUBROUTINE POLY2(JY, ISW, IX. IY,N, LA)
C VERTEX —( IX( 1) , IY( 1)) = (ELEPIENT, SCAN) FOR ITH VERTEX.
DIMENSION IX( 101) , IY( 101) ,D( 10(3) ,F( 101) ,LA( 133) ,S( 101)
IF( ISST.EQ. 1)GO TO 1
C SLOPE STORE BLOCK X/Y
DO 20 I=1,N
I F ( I Y( I) . EQ. I Y( I+ 1)) GO TO 20





C LOCATION OF INTERVALS SUCH THAT IY( I) . LE. JY. LT . IY( 1+ 1) . SCAN=JY
IF ( i Y(I) . EQ. JY) GO TO 30
I F (I Y ( I) . LT. JY) GO TO 22
IF( IY( I+1) .LT.JY)GO TO 28
GO TO 40
22 IF ( I Y( I+ 1) . GT. JY) GO TO 28
GO TO 40
C POLYGON BOUNDARY WUNTER AND FUNCTIONAL VALUES. —NON VERTICES-
28 PI lax+ 1
F(N)=D( I)*(Y--FLOAT( IY( 1) ))+FLOAT( IX( 1) )
GO TO 40
C POLYGON BOUNDARY COUNTER AND FUNCTIONAL VALUES. —VERTICIES-C NOWNUDIBER OF VERTICES
30 PI= hi+ 1
NOV= NOTT+ 1




C BOUNDARY SORT — INCREASING ORDER.
DO 50 J=1, K
S(J)=F(l)
IND=1





F( IND) = 10000
..50 CONTINUE
Cl FOR (NOV. LT.'2) INTERVAL S(J) , S(J+ I) MEMBERSHIP CAN BE DETERMINED
IF(NOV. EQ. 0) GO TO 500
IF (NOV. EQ. 1) GO TO 490








C INTERVAL F(K) , F(K+ 1) MEMBERSHIP SECTION FOR (NOV. GE . 2) .
C
DO 200 K=Y,NOI








C LOCATION OF INTERVALS SUCH THAT IN( I) . LE. A. LT. IX( I+ 1)
CK= FLOAT( IX( I) )
DX= FLOAT( II€( I+ 1) )
I F (CX. E0-. DN) GO TO 122
IF( qK. EQ. A) GO TO 123
IF(CX. LT. A) GO TO 124
IF(DN. LT. A) GO TO 128
GO TO 122
124 IF(A. GE. DN) GO TO 122
126 CY=FLOAT( IY( 1))
DY FLOAT( I Y€ I+ 1) )
DM= (DY CY) / (DX-CX)
C BOUNDARY POINTS (A, F(A)) FOR GIVEN INTERVAL IX(l) . LE. A. LT. IX( I+ 1)
FX DD1,14 A-0X) +0Y
C IN=1 INDICATES F(A) =JY
IF(FX. EQ.. Y) IN=1
IF(FX. LT. Y) GO TO 130
C J INDICATES F(A.).GT.JY.
C
J=J+ I
IF UX- NE. CY) GO TO 122
IF(A. NE. CX) GO TO 122
C





C L INDICATES F(A) . LT. JY.
C
130 L=L+ 1
IF(FX. NE. CY) GO T4 122
IF( A. NE. CX) GO TO 122
C









C	 INTERVAL F(K) , F(K+ 1) UE MERSHIP DETERMINATION.C
M IN.M. 1)GO TO 150
IF(JV. Ea. 4) GO TO 140
J=L
IF (LV. EQ. 0) GO TO 140C
C	 xF NO DETERMINATION CAN BE MADE, ADD ANOTHER INCREMENT AND TRY AGFC
A=A+.O Y
GO TO 54
140.	 I.= 2* (J12)C
C	 IF(J.NE.L) THE INTERVAL F(K) ,F(K+1) IS IN POLYGON.C
IF(J. NE. L) GO T4 150C
C	 CHECK FOR VERTEX AT (F(K) , JY)C
DO 146 J= I,NOV
CY-- FLOAT(LA( J) )
IF(F(I0 .NE.CX)GO TO 146C

























C	 ALL INTERVALS FORTHCOMING ARE BOUNDARY TO BOUNDARY ON JYC	 -
C 	 CHECK FOR INTERVAL THAT CONTAINS ONLY A VERTEX
C
490	 L=2*(M/2)
I F (L. EQ. N) GO TO 500
VAV FLOAT(LA( 1) )
M= ^Y+ 1
K M
492	 K= K 1




C	 STOP INSERT FOR VERTEX LOOP
C
494	 S(K+1)=VAVC
C	 IF (N. EQ. 0) NO POINTS ON SCAN JY ARE INCUDEDC
500
	
IF (M. EQ. 0) GO TO 555I=0C





IF(I . LT. Dl) GO TO 501
I^ I
C	 INTERVAL( START. GT . STOP) COBPRESSC504	 I=1+2
505
	
IF (LA(I) . LE. LAC I+ 1)) GO TO 510
ff--M2
IF (N. EQ. 0) GO TO 555
IF(I . GT.ID GO TO 511
DO 506 K= 1, M
506	 LA(K) =LA(K+2)
GO TO 505
510	 IF ((I+ 1) . LT. M) GO TO 504
511	 I=0G
C	 tLOOPSTOP ON INTERVAL(J).EQ.LOOP START ON INTERVAL(J+1))CONPRESS
C
512	 I= I+2
513	 IF (I . EQ. M) GO TO 555






C	 LA( 1) =NUMBER OF LOOPS RETURNED
C
555	 IF(P1.E0.0) GO TO 560
DO 55.7 I=1, M
J=M I+)
557	 LA(J+ 1) =LA(J)









C PERFORMS CLUSTERING OPERATIONC
C SEQUENCE:
	 POLYCL INPUT OUTPUTC ^k
C
C CREATED AT NASA/JSC	 (A.STEP)=C
COMPION/UNTNUM/ I XGUNT, DATUNT
COITION/BLANIC/lUTal
INTEGER CAR, BUF, ISW(2)
REAL NVG
CODDION/COL/JS . JF
COPIPION/BOUND/WlIN, MlIN, YDWW , MAX
INTEGER WlIN, WlAX, , MMIN, JVM
DIMENSION JPN( 101) , JPY( 101 l , LA( 133)
COITION/NVEC/NWl
COPIkION/BUI- FER/BUF ( 330©)
COPIPION/A I/ I OUT(B 12)
INTEGER DATUNT
C0PDl0N/ I NOUT/NGUT, N IN
COPRION/CIIAItAC/CAR
COTION/D I ST: I D IST
INTEGER PLIST
D l3FENS I ON VPI( 240) , AD (20 , 20 )
DINE- NS ION NVG(20) , PLIST(20) , CAR(20) , IACOP(4)
DIMENSION PSI(20) ,RV(2©)
D l P1ENS I ON VPIP(60) , VAR(60)
DIMENSION ACRE(20) , I1(30) , I2(30)C C=3.
CALL OPEN( 1, "COPT. CDT", 1, IERR)
CALL CO -MPG( 1, 11, ISW, IERR)
CALL CQPIARG( 1, 11,  ISW, IERR)
CALL COPL4RG( 1, 12, ISW, IERR)
CALL XT0PD(4, 11, 0, IER)




































CAR( 12) = IHo
CAR( 13) = IHR
CAR( 14) = IH(9








1008 FORbil!T(2X, 'INPUT VALUES FOR C, RP, R1, R2 AND NVIIMAX' )
READ(NIN)C,RP,R1,R2,NVMMAX
VRIT r (NOUT)C, RP, RI, R2,NVNNAX
WRITE(NOUT, 102)
102 FORDMT(22H TYPE YES IF INPUTS OIL)
READ(NIN,104)IAN
104 FOIMAT(M )
III'( IAN. NE .311YES) GO TO I
IF(NWR,IAX. GT . 20) NWRIAIZ 20
FIRST PASS INITIALIZATION
CALL INITCL(VPi, NVG, NV1'I, ND)
WRITE( 10, 199)
FOMIAT(2X, "INPUT 1 FOR POLY , 0 — NORMAL")
READ( 11) IPOLY
IF( IPOLY. NE . 1) GO TO 201
IfRITE( 10, 202)




FORMATM, " INPUT CORNER # r' , 13, rr J, I ")
READ( 11) JPK( I) , JPY( 1)
JPX(NV+ I) = JPX(I )






IF (JPX(K1) . LT. JNIN) JI'IIN = JPX(KI )
IF( JPY( KI) . LT. II'IIN) MIN= JPY( ICI )
I F ( JPY( K1) . GT. I1MIT) MAX JPY(KI )







CALL IfrD I O (3 , 500.00K+812 , I OUT, IS 1, IER)











DO 10 I = I , NVX












C FIRST PASS PROCESSING
C
20 INRT= INRT+1






CALLAP2) Y2( IL, ISW, JPX, JPY, NV, LA)
JF= LA(3)
IF(JS. EQ. 0) JS= I
WRITE(NOUI') JS, JF, INRT, " 1
CALL UNPACI ^1
NX= JF--JS+ 1 ¢,
CALL CLUSTA(BUF( I) , VII , ND, NK, NVM, NVMNAX, NVG, C, S,.RP, R1, NPC,
*NPT, PL IST, NEC, NET, M-1IN, NMC, NPIT, IPASS, BUF( IBUF 1) , BUF( IBUF2) ,
IP , JPTP, Mr. RV, VDIP, VAR)
JPTP=JPTP+NX
GO T4 20






CALL CLUSTA(BUF(1) , -%M, ND, NX, NWI, NV1%IIAX, NVG, C, S, RP, RI, &DC, NPT,
-PLIS'T, NEC, NET, I1IiIN, NPIG, N^£T, IPASS, BUF( IBUF 1) ,
*BUF( IBUF 2) , IP, JPTP, W1, RV, VMP, VAR)C
C SECOND PASS INITIALIZATION
INRT= 0
NBACK=L IN+NRT
CALL PTI'DIO(4, 4@000K+ffBACK, BUF, IS, IE)
14RITE( 10, 222) NBACK
222 FOMIA.T(2X, "	 BACKSPACED ",110," LINES")
NEC= a
IF(LITT. LE.0) GO TO 444





DO 60 r=1 , NVII
PLIST(I) = I
60 NVG( I) =0
C
C SECOND PASS PROCESSING
C
62 INRT= INRT+ 1
IF( INRT.GT.NRT) GO TO 70
IL=LINIT+INRT-1ISW- IL+ 1








WR.ITE(NOUT) JS, JF, INRT, "2"
IF(JS.E0_.0)JS=1
CALL UNPAC 1
NX= JF-JS+ I '(]
CALL CLUSTA(BUF( 1) , V.U, ND,NX, NVM, NVMMAX, NVG, C, S, RP, B2, NPC, NPT,
*PL IST, NEC, NET, NMIN, NMC, Mrr, IPASS,.BUFt IBUF 1) ,
*BUF( IBUF 2) , IP, JPTP, W1, RV, VNP, VAR)
JPTP=JPTP+NX
DO 443 LL= I, 810
L2= lB	 2+LL-i
IF(L2. GT. NBUFS.Z) GO TO 404
403 I OUT( LL+2) =BUF(L2)
404 CONTINUE
CALL XlTDId(3,5000aPy+812, IOUT, ISI, IEX)G0. TO 62	 103
C
C	 PRINT RESULT SUMPIARY
70 WRITE(NOUT,106)
106 FORMAT( 1X, 'CLUSTER SYDE30L SIZE R MEAN R SIGMA ACRES ' )
NSAVE=0.0
DO 72 I=1,NVM
RV( I) = SQRT( RV( I) )
CC=1.0541515
IF(NOSCAL.EQ.0) CC=1.53046
ACRE( 1) = NVG( I) *;CC




72 WRITE(NOUT, 108) I , CAR( I) , NVG(I) , RN( I) , RV(I) , ACRE(I )
108 rORRIAT( 16 , 7X, A1, F 10.0, 2X, 2F7.2, F IO.2)
I = ND*.NWl
DO 74 J= 1, I
74 VDI(J) =WIP(J)
CALL PM I0(3, 60000K, TOUT, IS 1, IER)
CALL ZPIDIO(3, 64000K, TOUT, .IS 1, IER)
C
C	 USER OPTION SELECTION
C
76 WRITE(NOUT,110)
110 FORMAT( 191 CHOOSE OPTION FROM
WRITE(NOUT,112) IACOP
112 FORMAT( III, 4A8)
READ(NIN, 104) IAN
IF( IAN. Ea. 511MANS) GO TO 80
IFC IAN..EQ.6HSIGMS) GO TO 85
IF(IAN.Ea.6HANGDIS) GO TO 90
IF( IAN. Ea.4HQUIT) STOP
WR.ITE'(NOUT, 114) IAN












86 VAR(J) =SQRT( VAR(J) )













_ ..^• _w l -^ ^ "--^tl^-t _-_-.,w.,_.-^^..-_y.. _. .>..	 •fir.. __t- y^	










C CREATED AT GEORGIA TECH EESC
C PROGRAML'IER: 	 NICKOLAS L. FAUSTC
C::Y:fit=^:x',^ :^::,:w:;::t::;::^::;;x::t::t:*::::;::^:wZ:^:Y::l::i=^::Y:I::P:^:k:^::k:Y:1::,::1::^::t::f::!::1::^;:^C:^:k^:^%^::I:^^::Y.^:^:^::f:^ :l:^E:%^x:^ :^X•^::k^^^l:
DIMENSION COV(4, 4) , XDI(4)
CALL OPEN(3,"INSG",O,IE)
CALL F0PEN(4,"SSIG°',"B")







MITE BINARY(4) ITI, IT-23 , IT3, ID1, ID2, ID3
DO (L=I ,NSIG)
.	 lmlTE( 10, 101)






.	 MMITE( 10, 104)K
.	 READ(3)(COV(K,J),J=1,4)
.	 .FIN
. WRITE B INAR.Y(4) NA1, NA2 , NA3, NA4
• WRITE B IN_4RY(4) NP , XII, COV
:..FIN
100 I! ORILAT(4A2)
101 F0MMT(2K, °INPUT NA1,NA2,NA3,NA4")
102 FORDIAT(2)i, "INPUT NUMBER OF POINTS")
103 FORMAT(2H, " INPUT MR I) , I = 1, 4) ")




,. „ .	 k-
C*:k*^-'k^k***x=^xc:K^^ :k^*^^:^^y:*^:^:*x:^l:^::J;^:^^:1::K:1C:^::t::Y:l:^::r,:kX;:^:X=^:^^^: :i::1::3:^:^::;C x
C RAINBOW XC
C DISPOSES EXISTING PSEUDOCOLOR MEMORY TO A DISK FILE
C DISPOSES PSEUDOCOLOR PIEPIORY IN DISK FILE TO DISPLAY
C^:k^^x:^:^:^::is^::k^:^*:^*Xc^^*x::r::k^::t:k^^::k:;:^;^:k^;:^ :1::=:^::is^::is^::3:^:^::t;:r::"^:l:a::r:^:y::r::^:^::r::,•w:;;:l:•x,:i:Y::r:t::r::r::;:.y::;:C ^^
C CREATED AT GEORGIA TECH EES
C ^k
C PROGRAIMER.:	 FRET? L. THOPIPSON =i;C y:
C^^::ir:^^:.^ ,'::C:f;^::^:^:Z::^:^::l::r:^:f::^n:X::j:.y::k^::f::C*^::k:;:.y:y;:I;7=:k%1=:1::^:$:^:^ s^^::;::i:^:^::f;=i:ti :I::l::;::[::1::;::; :kn 'r::r;:r;:l:;n:n:^: „•Y:E;:i:
INTEGER IORAN(94)
CALL FOPEN (5 , "R.YGB"V. ")
ACCEPT "TYPE 1 TO SAVE PRESENT PSEUDOCOLOR ",IANSI
IF (I ANSI. E0.. 1)
.	 REWIND 5
-	 DO (J=1,1000) READ B I NARY (5 , END = 10)	 IORAN
10 DO (I = 1,94)	 IORAN(I)=0
.	 CALL RCPT (0, IOI:.AIT)
.	 "TYPE A 30 CHMUCTER DISCREPTION"rT^YPPE,
•	 ii E	 " ............................. '12
.	 READ ( 11.20)	 (IORAN( I) , I=65, 94)
20 FORMAT (30A1)
.	 WRITE BINARY (5) IORAN
.	 TYPE "PSEUDOCOLOR MEMORY NUMBER ",J
.FIN
ACCEPT "TYPE 1 TO REFLACE PRESENT PSEUDOCOLOR ",IANS2
IF ( IANS2. E4.. 1)
•	 ACCEPT " WPE 1 IF YOU P+NOW THE PSEUDOCOLOR MEMORY NUMBER ", IANS3
IF ( IANS3.NE. 1)
.	 PAUSE PUT UP PSEUDOCOLOR TEST PATTERN HIT RETURN
30 REWIND 5
.	 DO (J=0,1000)
READ BINARY ( 5,END=30) IORAN
TVR.ITE ( 10,40)	 ( IORAN( I) , I=65, 94)
40 F0101AT ( 1X, 30A1)
.	 :	 CALL WCM (O,IORAN)
ACCEPT '$TYPE 1 FOR NEXT PATTERN ", IPNS4
.	 IF (IANS4.NE . 1) STOP NORMAL EXIT
.	 .FIN
.	 ..FIN
.	 IF ( I ANS3 . Ea. 1)
.	 REMIND 5
.	 ACCEPT "PSEUDOCOLOR DIE, 	NUDIBE,R ? ", INUM
.	 s	 DO (J= 1, I NUM) READ BINARY (5) IORANWRITE, ( 10,60)
	
(IORAN( I) , I=65,94)
60 FOWTAT ( 1X, 30Ai)









C	 THIS PROGRAM DIVIDES ONE ERTS CHANNEL INTO THE OTIiER
C	 THREE TO LEAVE THREE CHANNELS OF DATA. 	 IT ALSO WILL TAKE ^=
C	 TWO CHANNELS AND BY DIVIDING ONE INTO THE OTHER TWO, CREATE
C	 A THIRD CHANNEL, ALL TO BE DISPLAYED.:
C	 SEQUENCE:	 RATIO MTU: F x
:
C^::Y^:*^:^:^:^k:t:^:x;:{:^a^^^;^;1:^;^^e^;^.^:^:X::};^^>e^;:^^^;:k^Y^:*:k*:k:J:^n :k^^:^^::Y^:^C^ x:^;=^^::!;:3^^:^:J;^ :3:^:X:f:^;:k:^;t;•x
C x:
C	 CREATED AT GEORGIA TECH EES x:
C ^:
C	 PROGRA IDJER:	 MICHAEL D. FU[trIAN
C x;
INTEGER INPUT( 1700) , IPIP( 3400) , IDIAG(0:255), IAI.4G2(0: 255) , ITAPE( 10)
INTEGER ISW(2)
CALL OPEN( 1, "COAT. CM ", 1, IERR)
CALL CODIARG( 1, ITAPE, ISW, IERR)
CALL COl►IARG(1,.ITAPE, ISW, IERR)
CALL DlTOPD(2,ITAPE,0,IE)
ACCEPT "TWO (2) OR FOUR (4) CHANNEL RATIO ",IANS1
ME N  ( IANS I _ EG-. 2) ACCEPT " INPUT NUN. AND DENOPI. CHANNELS ", INUX, IDEN
ELSE ACCEPT "INPUT DENOMINATOR. CHANNEL ", IDEN
ACCEPT "SCALE FACTOR ",ISCAL







DO	 CALL MTDI0(2, 0, YNPUT, IS, IE, IC)
DO (K2=1.255)
:	 CALL ?ITDIO(2, 0, INPUT, IS, IE, IC)
•	 CALL UPACS( INPUT, Iff ; 1.700)
0
•	 All=O
•	 DO (K-6'l, 7,2)
. L=O
.	 IF (.K. NE. IDEN2)
DO (J1=IEL,IEND,6)
.	 _	 IP1AG(L) =( INP(J I+I) /( INP( .IDEN2+J 1) +1. 0)) *- ISCAL
•	 INAG(L+I)=( IDIP(J1+K+1)/( 114P( IDEN2+J1+1)+1.0))*ISCAL
L= L+2
.	 DO (1=0,255)
•	 IF (IALAG(I) . GT. 255 )






CALL.	 L PACs( IMAG, IIIAG2,256)
CALL RIMWRITE(M1, 12, IkIAG2, 256)
: WHEN ( r12. EQ. 0) kl2=255
ELSE 1'12,0.











C THIS SUBROUTINE UNPACKS DATA FOR A POLYGON :k
C fi
C CREATED AT GEORGIA TECH EMS :=
C
C PROGRAMIER:	 NICKOLAS L. FAUST x:
C a:
SUBROUTINE RDATA( ITOP, IBOT, NV, IX, IY, lr,M, NP)





222 FOII MT(2X, "SKIPPED ", I5, " RECORDS")
IF[ ISUDII . GT. 0) CALL PI'TDIO(2, 30000K+ ISUMI , IBUF, IS, IER)
IF( ISUPII . LT. 0) CALL PTI'DIO( 2, 40000IC ISMI1, IBUF, IS, IER)
IDEL=IBOT ITOP+I
DO	 (IL= I , IDEL)
.	 CALL WDIO(2,0, IBUF: IS, IE)
.	 ISyf= ITOP+ I
.	 ILIN= ITOP+ IL-1




DO	 (K: 1, NSEG)
ISUBI=2*K
JS= LAC ISUB1)
.	 JF= LA( ISUB 1+ 1)
-	 JD=JF-JS+l
.	 CALL UNPAC3(IBUF,JBUF,JS,JF,NIY,PRD
.	 DO	 ( Y I , JD)
-	 IC=Ic+I
-	 DO	 (KD=1,4)





IgRITE( 10, 222) IDEL




ORIGINAL PAUj w	 , r
OF POOR QUALITY
c ^:
C RDING	 (SUBROUTINE)C ^
C READ AND DISPLAY IMAGE TO SCREENC ^
Cak :kx:x:x;:k*^k^k^I:x^Yc:k^Y:x=xrx:>f::f:xsx:x:x:x;x.:I.sk*:k^:K^ka^cx:ak:k5ksk%Kx:**x:x-^x::kak^ic*^=k**af::k:ky.X==K:3-:Kx::I::kx;ak^k^I: a^^i^
C xc
C CREATED AT GEORGIA TECH EES y=C x
C PROGRAI+II"iER:
	 ROBERT A. MADDOXC x:
SUBROUTINE RDIPIG( IL, IEL,NCII, IBLUP?
INTEGER IMAG( 260) , II+IAG2( 0:512) , NCH(0: 2)
C.OPDION/BUFFER/INPUT(1700),/INDEV/IPOS
ISUPII = IL-IPOS-1
IELP= ((IEL+254) /2) x;4





IF ( ISM11. GT. 0) CALL blTDIO(2,30000K+ISUH1, INPUT, IS, IE, IC)







.	 CALL PITDIO(2,0, INPUT, IS, IE, IC)
DO ( I5=0, 2)
.	 N5=0
.	 IF ( 15. EQ. 1) N5=255
.	 I2=NCH( I5)
.	 I3= IE L2+ 12




.	 IF(JJ. GT. 1700) JJ=1700
•	 IMAG(L) = INPUT(JJ)
L=L+1
:	 .FIN
•	 IF (IBLUP.GT. 1) BLOW-UP-IMAGE
.	 DO (I=1, IBLUP)
.	 ICC= ICC • 1
•	 IF( ICC . GT. 768) GO TO 1.00







TO BLOIf UP — WAGE
•	 CALL UPAC8( INAG, INAG2, 256)











C RETIPIG	 ( SUBROUTINE)
C :'
C PURPOSE
C RETRIEVES IMAGE,  AND THRESHOLD ARRAYS CORRESPONDING TO
C A DATA RECORD a.
C ^+:




C IFLAG — FIRST ENTRY OR REWIND AND SKIP HEADING RECORD:
C FLAG




C IRG -- IMAGE ARRAY
C TER — CORRESPONDING THRESHOLD ARRAY
C NP — NUMBER OF POINTS IN EACH ARRAY
C^*al:^^^:ski::k:(;a;:^^f:=^=^:X^^:*Y::kY:;1:Y:^^•;==K^*:k=Y^*^:Y:t::is^:^:^*^:^*^^:[al:^:^:Y^:n=^:x:^^^a:x:^:^::^:^:::^::^,^:x:^:^::[:C ^
C CREATED AT NASA/JSC	 (ASTEP)
C ^;
C*;^^::is^:^k:k^*:1:^:^:;;:K^=^t:*:k*^:k^^x:^^=^k^kw^:^^^=k=k^:[:^::;:^:^=:k:k^:1^^::"^:X::k:K*:;=X:^r:k:kY:Y:[e^c•.,::;::S:^c:,k:;;;,:^::;:
SUBROUTINE RETIPIG( IFLAG, NUNIT, I1.'G, THR, NP)
DIPIENS ION ING( 112)
COPIMON/COL/JS, JF
INTEGER TER
IF( IFLAG. NE . 1) GO TO 10
REWIND NUNIT










C SAVES, ON TAPE, IMAGE AND THRESHOLD ARRAY'S CORRESPONDING 	 ^c
C TO A DATA RECORD
C k




C IFLAG — FIRST ENTRY OR REWIND IRD WRITE HEADING RECORD 	 =
C FLAG
C NUN IT -- UN IT NUNRER.
C ING — IMAGE ARRAY TO BE SAVED
C THR — THRESHOLD ARRAY CORRESPONDING TO ING
C NP — NUMBER. OF POINTS IN EACH ARRAY
C}
C^q•.j;.{;.,^'.^'K`mR'+^vi;;+^:^;:^.':7•%1•};^;•i^.f^(l%t^^;%l;^%!•n;:f:i';^:R;'.^:+^i:.i; .`; ^.^::y.+^;:i;%{^%^`.i+:i;•f`+(:rt+ ^r;.1;:i^+i^•i.+:%^^i:.V.t+nip.%i^.i+%i'..::^:+1•'ry^.:^'.^,;.[..h^+}:
C "•
C CREATED AT NASA/JSC	 (ASTEP)
C
C:i;:t;:I;^^;;;:^^l::E;,`i:.y;.^::;:.t;%1;:^::i;:^;:T:=tc:1;;1;^:^;.`^^:^;^;^Y:^:Y^;:^;:kX::La:^.;'::^:::^:^::;;.Y.:^:ak:^:^^=Y=h ^sak^.Y.%k^;:Y^•'i.:^^ 7:*^^::k=Y:t^^
SUBROUTINE SAVIAIG( IFLAG, NUNIT, ING, THR, NP)
DINENS ION IXG(NP) , THR.(NP)
INTEGER THR.
DIMENSION BLK( 166 )
COIDION/COL/JS, JF
BLK(1) = I .
IF( IFLAG. NE . 1) GO TO 10
REWIND NUNIT
10 WRITE EIIqAR.Y'(HUNIT) JS, NP, (IMG(10 , K-- I, NP)








C	 THIS ROUTINE CLASSIFIES TRAINING FIELDS WITH A
C	 XAXLIK CLASSIFIER
C
C	 SEQUENCE: SCORECARD INPUT TAPNAl+I SIGFIL VERTEX
C	 ^=
Cxx:^ry:*:k^ ;^^:k:k^:k^k^^:^^^:k*^^::k^k:k^=zt'^:,;:Y:^:.i=.k:K:I:^:,t-.:k:k^:^^::k^;^+::k;^: ;^=G:I::,': ;;:k ^:::i::k^k^:^^i^•1,;:k:f::f: ;:;:,^::::::^:
C	 ^:
C	 CREATED AT GEORGIA TECH EES	 x.
C	 PROGRANMER: NICHOLAS L. FAUST	 y=
C	 x:
DIMENSION ANEAN(4,20) ,BCOV(4,4,20) , IVX( 1@1) , IVY( 10 1) ,B(400), DFT(.':'O)
1,LA( 133) ,NVG(20), ICOUNT(20) , IBUF( 1650) , I1(30) , I2(30) , I3(30) , I4(30)
2, IORDER(?O) ,NADI1(20) ,NAN-->(20) ,NAI^13(24) ,NAN4(20) , ISW(2)
CQ7f RION/DTRANS/ IDAT( 256) , JBUF( 512, 4) , IDUN( 512)
IP=1.2
C
C	 FItLD AND OPEN STATEMENTS
C
CALL OPEN(1, "COX. CII" , 1, IERR)
CALL CODJARG( 1, It  , ISW, IERR)
CALL CODTARG(1, 11, I SIB, IERR)
CALL CONARG( 1, 12, I SW, IERR)
CALL CODIARG( 1, 13, ISW, IER[:D
CALL COXARG(1,I4,I SW, IERR)
C
CALL OPEN(2, I1, 0,IE)
CALL FOPEN € 2 , "NANFLD " , "B 9
C
C	 OPEN TAPE FILE
C







C	 GET SIGNATURES FOR CLASSIFICATION
C
CALL GS IG( A].`1EAN ,BCOV, NS IG, NUN 1, NUN', 13, IORDER, NAIII , NAI12, NAN3 , NAM-0








- CALL FOPEN(5, I4, '=B")
.	 BEAD BINARY(5)ITAPI,ITAP2,ITAP3,IDATI,IDAI'2,IDAT3









.	 WRITE( IP) I TAP 1, ITAP2, ITAPS
WRITE( IP) IDAT1, IDAT2, IDAT3
llR I TE ( I P , 143) NA 1, NA2 , NA3 , NA4 	 ORIGINAL PAGE IS
•	 WRITE( IP) K, IYNIN, MAX	 ^^ 
PO OP, QUALM•	 DO (L3=1, K)
+`n WRITE, E( IP) K1, IVX(L3) , IVY(L3)
NV=K
.	 ISKIP= I.YMIN+I
.	 IVX( K+ 1) = IVX( 1)
IVY(K+1)=IVY(1)
•	 IDEL= I1711AX IYNIN+1
•	 DO (II=1,20)






CALL NTDIO(3,300O0K+ISKIP,IBDF, IS, IEE) F
WRITE BIN_ARYM IDEL, ISIG
DO (J= 1, IDEL)
.	 CALL bflDIO(3, 0, IBUF, IS, IE, NW)
ISTt-2 :,
CALL POLY2( ISKIP+J--1, ISW, IVX, IVY,NV,LA)
JS=LA(2)
•	 JF= LA(3 )
CALL UNPAC3(IBUF,JBUF,JS,JF,512,1650)
.	 JQ=JF—JS+1
.	 WRITE( IP) J, JS, JF, JQ, IDEL, ISKIP
DO (L= I, .M)
DO (L1=1, ND)
,	 ISUB=(L-1)*ND+L1








VR ITE	 BINARY(7) JNOVE, JQ, IDUI'I
.	 JT{3T- JTOT+JQ
.	 DO	 (K=1,JQ)
.	 LSUB= IDUM( K)
•	 ICOUNT(LSUB) = ICOUNT(LSUB) + 1
•	 .FIN
.FIN
.	 DO (X 1,NSIG)
.	 JPER ( ICOUNT(K) * 100) /JTOT
N'TRITE( 12, 102) K, ICOUNT(K) , JPER, NAM (K) , M212(K) , NMI30C) , NAM4t 10 1
- .FIN
ISUM= IDEL+ISKIP
CALL Dl7DIO(3,40000K+ISUYx, IBU , IS, IER)
.FIN
102 FORHAT(2I£, "CLASS	 ", 14, "	 NUMBER	 ", 16, s'	 PERCENT	 ", I3, 2X, 4A2)






C	 SEQCOV	 ( SUBROUTINE)
C	 PURPOSE
:
C	 RECURSIVE CALCULATION OF SAMPLE COVARIANCE MATRICIES AND




C	 CALLING SEQUENCE .^
C	 X = CURRENT SAPIPLE VECTOR
C	 N = DIMENSION OF X •^
C	 V = PREVIOUS COVARIANCE MATRIX:
C	 M = PREVIOUS MEAN VECTOR •=
C	 I = PREVIOUS # OF SAMPLES x:




C	 V = CURRENT COVARIANCE MATRIX
C	 M = CURRENT IIEAIT VECTOR x:
C	 I = CURRENT # OF SAMPLES
C w
r.
C	 CREATED AT NASA/JSC	 (ASTEP) x:
c 5`:





DIMENSION  D (IT, 2 )
hEEN( I. LE. 0)
DO	 ( L= 1, N)








.	 FI= FLOAT( I)
•	 FI=1./FI
DO	 (Ii 1,N)
.	 D(K, f)=X( K)—M(K)
.	 D(K,2)=D(I(, I)*FI
.	 X(10 =M( K) +D(K, 2)
F IP=1. -F IP
DO	 (K=I.,N)
DO(L= I , N)














C SEQUENTIALLY CALCULATED MEAN VECTOR AND VARIANCES k
C :k




C 3M — CURRENT MEAN
C XV — CURRENT VARIANCES:
C N -- NUMBER OF POINTS USED TO COMPUTE Wl AND RV
C ND — D IDIENS ION OF DADA VECTOR
C X — NEW DATA VECTOR TO BE ADDED TO MI AND XV a:C :k
C OUTPUT
C CALLING SEQUENCE
C 101, XV, N — UPDATED VALUES :r-C
C CREATED AT NASA/JSC	 (ASTEP)
C
SUBROUTINE SEOST001, XT, N, ND, X)
DIMENSION Ml( ND) , XV(ND) , X(ND)
INTEGER X
IF(N. GT. 0) GO TO 20
DO 10 I = I , ND







T= X( I) —Mlf( 1)
MY I)-Y,,U( I)+F2*T





lJ •FTT.1•^hTTTTTTTTT•hTTT^^I.TTTT^7•^TTT:{^TTTTH+^T+h^T ^M •hTTTTTrt •i• +l^^+T•^A••i:^T:hwq+T+I.N•^H•TT •h! i^TC ^:
C STRIPLESS: -C !;
C PROGRAM TO DESTRI PE A DATA SET GIVEN THE
C CONVERSION TABLE FROM STRNF2
C
C SEQUENCE:	 STRIPLESS MTIN:F MTOUT:F TABLE
C ^:
C :k
C PROGRAMMERS:	 RONNIE PIERSON (NASA/ERL) nh
C NICKOLAS FAUST ( GEORGIA TECH EES) :t
DIMENSION IEM(4000) .LT(4,6, X28) . IZ(2,4,412)
DIPIENSION ITAP( 15) , JTAP( 15) ,IFIL( 15) , ISW(2)
CALL OPEN( 1, "CON. CH", 1, IERit)
CALL COPIARG( 1, ITAP, ISW, IER]3)
CALL COXARG( 1., I TAP , I SW,. I EPUR)
CALL COPIARG( 1, JTAP , I SW, IEIUl)
CALL CONARG( 1, IF IL, I SW, IEIL10
CALL FOPEN(3, IFIL, "Y.")
CALL XTOPD(2, ITAP, 0, IERR)






•	 CALL M7DIO(2, 0, IEDL IS, Il',Ii_R, NW)




TYPE "HOW P.IANY LINES OF 6 '."0 SKIP?"
READ( 11)KICK
TYPE "HOW MANY LINES TO PR F >CESS? 1°
READ( 11) NLINE .
KICK6=6*KICK
IF(KICK.GT.0)
.	 CALL IIIDIO(2, 30000K+KICK6, IEN, IS, I.ERR)
, •Fh.Y
F 0 R E"VTI R
.	 CALL =10(2,0,I.EH, IS, I:,RR,.NW)
:	 N=N+l
.	 NL= NL+ 1
IF(NL .GT. NLINE)WRITE-EUF
.	 IF(NW . LE. 50) TIRI TE-EOF
CALL PACKEPU 1, IE-11, IZ)
DO (1=1,4)
DO (J=1,407)
.	 K= I z ( 1, I,J)+1
.	 K1=IZ(2, 1,J)+1
-	 :	 IF(K . GT.	 128)K--128
.	 IF(K1	 XT.	 128) K1 =• 128
IZ(2, 1,J)=I,T( 1, N,1`1)
IZ( 1, I,J) = LT( I,N,IJ
•:..FIN
,..FIN
CALL PACKER(2 , IEPI, I Z)




.	 CALL M'I'DIO(4, 60000K, IEP►I_ IS, IERR)
CALL 1+UDIO(4,60000K, IED1. IS, IERR)
CALL M'I`D IO(4, 10090K, IEH. 18, IERR)








C TO ELIMINATE STRIPING IN LANDSAT DATAC




C CREATED AT NASA/ERL
C
C P rtOGRA DIER:	 RON P IERSON y,
fC'M1	 ,Iw xyjrtiri•4rh y^}yyyy.y. yy	 7.	 .yy	 .yy 	 yy	 }.y}y	 y.y.yyyaaG}.yyyy yy 	 .w	 7 	 yyJ y 	 ^a	 y	 yyyy G^^^^:ry. `.I,:^'.1:iCT ^ T hTT^^^, •^1+ {^['T^ M .1.T^%i^ A.TT N riT!h .l^{ht `TT1 •^ •l^I ^:^ ^T N H ip+^l •^^T^ +l+ l • 7+T 7+^ 1
DIMENSION IER(E20,8) ,LT(4,6, 128) , IUNPAK(2,4,3) ,DT(4,8, 129)
DINENSION IEPI(I650),LINS(4,6,2)
DIMENSION ITAP1(15) , ITAB( 15)
COD ION/DUM/IER, DT, LINS, IUNPAK, I TAP I
EQUIVALENCE (IEl►I(1) ,IER( 1, G) )
EQUIVALENCE (LT( 1, 1, 1) , IER( 1, 1) )
CALL FIELD(2,ITAP1,S701)
CALL FIELD(3, ITAB,S701)
CALL PITOPD£ 1, ITAP 1, 0, IERR)
CALL F0PEN(3, ITAB, "B")	 ORIGINAL PAGE IS




2222 FORkJAT(2X, "INPUT NPII.NT WLINES")
READ(11)NPRNT,NLINES
99 CALL I'TI'D IO( 1, 0, IEDI, IS, IERR)
CALL PTI'D 10( 1, 0, IEH, IS, IERR)
C SIX SCAN READ
10 N=1
IERROR7-0
11 CALL NTDIO( 1, 0, IEM, IS, IERR, N10
IF(NW. LT. 1600) GO TO 400
IF(NL1.GT.NLINES)G0 TO 400
DO (K`T=1, 620) IER( KIT, N) = IEDR IN)
N= N+ 1
NLI=NLI-F-1
IF(N. LT. 7) GO TO 11
C SIX BY SIX PROCESS
N=1
NmI-O
DO 299 NE= 1,51
N= N+ 12
DO 280 J=1,6




 IER(N 1, J)
.	 IUNPAK( 1, L2, L1) = ISHFT( IWI)D,-8}






NUII=WTJN - IUNPAK( 1, 1, K1) +IUNP:AY(2, I, Ki )
200 CONTINUE




C DISCARD OF ABNOWIAL DATA VALUES







RAD=DT(I , J, 1)















282 AVG= DT( 1, J, 1) +AVG
MN= AVG/6 . + . 5
IF( DIN. LT. 0) GO TO 284




DT(I,J,DIN) = (DT( I,J,D]N)*DT(I,7,MN)+6.*DT(I,J, I) )/D
283 CONTINUE
C	 POINT TOTAL UPDATE




400 NOFTR= NOFTR+ 1
IF(NOFTR.LT .NOFT)GO TO 99
C
	













L 1= IER( 1, 6)
KI = IER( I+4, 6)
DO 410 NE=L1,K1
sUPI= O .
DO 405 J= i , 6











SUPT=SUN— DT( I , L, NE)
AVG= S JDI/5 .
IF(L. EQ. K)1- 1
A= 0 .
DO 407 J=1,6
IF(J. EO-. L) GO TO 407
B= DT( 1, J, NE) -AVG
IF(B. LT.O.) B=—B























SUM= SUl!I DT( 1, K, NE)
DT(I , 8, NE) =SUM/4.





IF(DT(I , 7, L) . GT. 299 .) GO T4 1199
N L
N=N-1




RAD= DT(I , 7, L) /300.
SM I , --RAD
IF(DT( 1, 7, L) . LT. 10.) DT(I , 8, L) =FLOAT(L--2)
A=(DT(I , B, L) --DT( I , B, N)) /(DT(I , B, N) -DT(I , 8, N) )
DO 1121 LI=1,6
BG=DT( 1,L1,X)-DT( I,L1,N)
BG= A*-BG+DT(I , L 1, N)
DT( 1, L 1, L) =SN*.BG+IL4LD*DT( 1, L 1, L)
CONTINUE
IF(NPRNT. EQ. 0) GO TO 500
DO 499 NE=2.63
MN= NE-2
WRITE( 12, 401) B
FOMMT(9K, "BAND I", 6l€, "BAND 2",6K, "BAND 3", 6R,
DO 404 J=1.8
A--DT( 1, J, NE)
B=DT(2, J, NE)
C=DT(3, J, NE)
D=DT(4 , J , NE)
IITR.ITE( 12, 402) J, A, B, G, D






L= IER( I, 6)
I= IER( 1+4,6)
SDI--DT( 1, NE, L)






DO 498 DI J, K
A= FLOATC N)
N= m+ I




IF(DT(I , NE, L2) . GT. A) GO TO 441
L=L+1
GO TO 431
A2= DT( 1, NE, L2) -DT( 1, WE, L)
B=A-DT( 1, NE, L)
132= DT( 1, 8, L2) -DT( 1, 8, L)
























K= LIMS( I, NE, 1)
L=K
Do 415 J=1,K.
M= LT( I, NE, L+1)-1
IF(M. LT. 0) M=0
LT(I , NE, L) =N
L=L-1
ABOVE-RANGE TABLE BUILDER
DO 425 I= 1, 4
DO 425 NE=1,6
K-- LIPIS( I, NE, 2)
DO 425 L=K, 128
?P-LT( I, NE, L--1)+1
IF(M. GT. 127) M 127









IF(LT( I,J,N) .LT.LT(I,J,K))GO TO 521
LT( I,J,K) =LT( 1,J,K)+1
GO TO 525
L--K+2






IF(NPRNT. EQ. 0) GO TO 550
DO 549 10::1,125
MN= TK-1
WRITE( 12, 601) MN





X= LT(4, J, K)
WRITE( 12,603) J, L, L2, rI, N






CALL MTDIO( 1, 10000K, IEN, IS, IERR)
STOP









C	 THIS ROUTINE SUMS CLASSIFIED CATEGORIES INTO
C	 GENERAL CATEGORIES FOR OUTPUT
C	 :F
C	 SEQUENCE: SUDICAT INFIL	 ?-C	 .?-
C:l:^:^^:k:^::K*^k^K:r^K^k^K:^^k^:^*X:^^^:t:^:`k**^:^:-^*^^^
C
C	 CREATED AT GEORGIA TECH EES
	 ^=
U•
C	 PROGRAMBER: NICKOLAS FAUST
DIMENSION COUNT(60) , IEQ(60, 20) , NUS#( 24) , ICAR( 10, 2Q)
DIDLENS ION JFIL(34) , LSUN( 20) , PER(60) , I71L(34) , ISWS(2)
CALL OPEN( 1, "COM. ON",. 1, I E)
CALL COII RG( 1, JF IL, ISVS, IE)
CALL COT 4RG( 1,JFIL, ISWS, IE)
CALL OPEN(3,JF IL, "B ►► )
CALL COMM 1, EF IL, ISMS, IE)
CALK. FOPEN(2, I(T IL, "B")
IM ADM ISTII
DO (L=1, ISUM)
READ (3,101) (I0AR:(J,L),J=1, 10)
101	 FORMAT ( IOA2)
MEAD (3) NUM L)
MC.M=NUN(L)
READ (3) ( IEt,)(J, L) , J=1, NUM)
,..FIN
READ ( 3) NTfQ
DO M 1, NIM
STOT= O .
DO (X'G=1, 60) COUNT(KG) = 0 .
ME' AD( 2, 130) NA 
130	 FORMAT( 14)
'r*%Mt 12, 131)NA1
131	 FORIIAT( 2X, " WQMU #	 ", 15///)
DO (RZ=1,60)
REVD( 2,'70) COUNTM) , PER(M.
70	 : FOMIAT(21X,.F12.2,2X,F12.2)
• : WRITE( 10) COUNT(M , PER(I(Z)
:..FIN





•	 IQ= IE+Q(L, N)
.	 S 1=S 1+COUNT( IQ)
.	 S2= S2+PER.( IQ)
.FIN
•	 TriR.lTE( 12,102) N, ( ICAR(J,N),J=1, 1:0),S1,S2
.	 STOT= STOT+S 1
102	 FORDaT(2X, 12 .,2X, IOA2, 2X, F10. 1, "	 ACRES" , 2X, F6.3, "	 PERCENT
.FIN
IqkIT i ( 12, 103) STOT
143	 FOIU T(/6K, "TOTAL
	











C INVERTS A SYMMETRIC MATRIX
C ^
C CREATED AT NASA JSC
C
SUBROUTINE SYNINV(A, A.1, DE T, N)









IF(I.GT.R--1)G0 TO 29[3.C( I)=0.0
J=O
30 J=J+1
IF(J.GT.R 1)GO TO 20QC(I) = OC( I)-AI(I,J)*A(J,R)
GO TO 30
29 CONTINUE
D(R) = A(R, R)
IF(D(R) . LE. 0.0) GO TO 52
I Q
40 I= K+ 1
IF(K.GT.R-11G0 TO 49




 T= DET%kD (R)
IF((D(R)/A(R,R)) .LT. 1.E-8)GO TO 52
51 D I (R) =1.0/D(R)
GO TO 60
52 DIM) =0, 0
WRITE( 12, 1010) R, D(R) , DET









IF(J. GT. R) GO TO 70QD=QC( I):YDI(R)












C	 THRDST (SUBROUTINE)	 x=
C	 ^:
C PURPOSE
C	 UPDATE THE MEAN AND VARIANCE OF THE THRESHOLD STATISTICS
C	 x:






C	 XI, VI,Nl — CURRENT MEAN, VARIANCE, AND WEIGHT









C	 X1, VI ^- UPDATED VALUES
C x:
c	 x:
C	 CREATED AT NASA/JSC (ASTEP)=C
SUBROUTINE THRDST(X1,Vl,N1,X2,N2)
REAL NI






R2= FLOAT( N2) /X
X--R1 -X1+R2*X2









C	 READS CYBER CONVERTED TO PO TAPES AND
C	 DISPLAYS THEM TO THE COPT ^ _4L.
C ^:
C	 SEQUENCE :	 TOP02 IrM: F
C %k
Cr :Y•
C	 CREATED AT GEORGIA TECH EES x-
:
C	 PROGRAMM •R :	 MICHAEL D. FURNAN
C :f:
C^:^:^^:l::l:^:^:^::kyc^;^:.yc:^:^:%1:af::Kx:X^'c^::1;Y;.y::,:^:^::Y:k^;.^:;:>t:X::k:".y:•J,:^::Y.Y:^%k:r;Y%k^::::%Y:Y.y:^^;,;:^:^::1:^:^Y.f:;l:.;::F::::t:^:^ :::k
INTEGER IrIP( 1810) , IV,0RK( 51.2) , IHAG( 256) , ITAPE( 10) , ISV(2)
CALL OPEN( 1, "COX. CH ", 1, IERJI)
CALL COPLARG( 1, IT-APE, ISW, IEI'JU
CALL COkLARG( 1, ITAPE, ISIS, IE IM)
ACCEPT "FAST SCAN? (1 = YES,( h= NO)	 ", IFSCAN
WHEN (IFSCAN.EQ. 1) 	 IFSCAN=4
ELSE IFSCAN=1
ACCEPT "SKIP RECORDS? ", ISIJI
ACCEPT "DM ACCEPTED PEAK VALUE (AFTER SUBTRACTION) ",IPEAK
P2=IPEAK/255.0
ACCEPT "ASSIGNED PEPJC SHADE' VALUE? ", ISHADE
ACCEPT "SUBTRACT irF^T VALUE FROM ALL DATA? ", ISUB
ACCEPT "BEGIN WITH ELEMENT? ", IEL
IEL=IEL+?
IE ND= IEL+511
IF (IFSCAN. EQ. g)	 IEP,D=1800
IF ( IEND. OT. 1360)
	 IEND=1800
CALL li-FOPD(3 , ITAPE, 0, IE)
LINE=ISEP
DO ( I=1, ISICP)
	 CALL ri"IDIO(3 , 0, IMP, IS, IE, IC)
DO (PI5=1,256)
TYPE "LINE A'TJM)3ER ",LINE
-	 LINE=LINE+IFSCAN
DO (I= 1, IFSCAN) CALL ffMIO(O, 0, IflP, IS, IE, IC)
•	 K-1.
DO (I= IEL, IEND, IFSCAN)





CALL PAC8( IWORK, INA.G, 512)
:	 CALL RINWRITE(0,0,IMAG,356)
IF (MS.EQ.256) ACCEPT "TYPE A '1' TO CONTINUE ",TANS





•	 WHEN ( I NORK( H6) • LT. I SUBB )	 I WORKt M5) =0
.	 ELSE ITfORT,( 16? = IW0RK( M6) —ISUB
IF (I1fORK(M6) . GT. I PEAK)	 I WOIHC(M6) = I PEAK





.	 .	 ...	 .
C^ ^=^ ^*^^^^:ak:k^3kak^ak*^x:^ak*^k**^:ak:k^=:k^: ^:k:^ ^^k^akac^x::^*:kakakak*:K^k:k ^:^: a.:;; *^ak:^^X=^:k=^:^:k:k^r^:C	 T
C	 TRAIN3C
C	 THIS PROGRAM IS DESIGNED FOR TRAINING FIELD SELECTION
	 ^=
C	 AND STATISTICS GENERATION FOR TREE IMAGES	 :kC
C	 SEQUENCE: TRAINS MT(J: F
C	 :k
:
C	 DESIGNED AT GEORGIA TECH EES
C	 a;
C	 PROGRAIPIPIERS: NICKOLAS L. FAUST
C	 ROBERT A. MADDOX
C	 MICHAEL D. FURMAN	 :kC	 :k
C^;`n".`k.>ka:.Y;:^:n:Y:ry %Y•%::%1;>ky==1;`d::I:.r n.`j;`d;:Y.?k.^."•d;^=^:1::.Y:^::^:>k^:y::1::J:.`^;:Y`.3::isy::k3:Y':k:^:`.j<^^=`d:,y::k:I:k :A%k^+:^;:k^^n;:t;:i;:l::i::Ky:k`.^.'.t:
DIMENSION V(4,4),XI(4),IV(101),IVX(101),IVY(101)
DIMENSION D(4,2).,PIR(4) , IDEV(30)
INTEGER FIELD(17),ISWS(2)
COMPION /DTRANS/ IDAT( 256) . IXD( 512, 4) , IDI3I'It 512)
COMPION /HISTN/ ICOUNT(4, 100)
CODDION /BUFFER/ IBUF( 1700)
	
ORIGINAL PAGE lb





CONDITIONAL( IFUN. EQ. 1) READ- IKAGE
.	 (IFUN. EQ. 2) ALARPI—SCREEN
• - ( IFUN . EQ. 3) I'IAGN I FY— M S ET OF--SCREEN
.	 ( !FUN. E0_. 4) TAKE—TRAINING—SMIPLE
(IFUN.EQ.5) TRIO;—GOP
. (IFUN.EQ,S) DIGITIZE—BOUNDARY( IFUN.EQ.7) CALL FSW_AP( "SCRIPTO.SV")
. (IFUN.EQ.8) CALL FSWAP( "INK.SV")
. ( I FUN. E(k.9) CALL FSl lTAP( "laFPIB(IB.SV")( IFUN.EQ.10) CALL FSWAP( "CHCOLR.SV")
( IFUN. EQ. 11) CALL FSWAP( "F I LIE R2. SV")
( IFUN. EQ. 12) CALL FSWAP( "CLYDE5 . SV")
. (IFUN. EQ. 98) BLANK—GRAPHICS
(IFUN.EO.99) CLOSE—FILES( OTHERWISE)







CALL OPEN(1, "COM. CPT", 1, IFER)
CALL COPTARG(1,FIELD, ISWS, IFER)
CALL C011AR.G( 1, FIELD, ISWS, IFER.)
IF (FIELD( 1) . NE. "PIT")
. TYPE "PARAPETER ERROR TR.4IN3 MTU: F"
TYPE "TAPE NADMI PROBABLY NOT ENTERED"
•	 STOP PARAMETER ERROR IN TRAIN3 DITU: F ERROR HALT
•	 .FIN
CALL MI'OPD(2,FIELD,0, IFER)
CALL FOPEN(3., "VERTEX" , "B ,° )
CALL FOPEN(4, "HISTS", "B")
CALL FOPEN(5,"SAV9IG","B")
TYPE "INPUT TAPE NUMBER IN 612 FORMAT
READ(11,96) IT1,IT2,IT3,ID1,ID2,ID3
96	 FORPIAT(6 I2)
TMI TE BIIIARY(3) IT1, IT2, I72, ID1 , ID2, ID3
TVRITE BINARY(4) IT1, IT2, IT3, ID1, ID2, ID3
TVRITE BINAR:F(5) IT1, IT2, IT3, ID1, ID2, ID3
CALL PITDIO(2,0, IBUF, IS, IFER)
. CALL PITD IO(2, 0, I-BUF, IS, IFER)














-	 TYPE "THE FOLLOWING FUNCTIONS ARE AVAILABLE, SELECT BY NUPI[iER'
TYPE
TYPE "	 1 - READ IPIAGE
	
9	 USE WFIV
TYPE "	 2 - ALARM	 10 - USE CIICOLR"
TYPE "	 3 - MAGN IFY	 1.1 - USE F I LTER2 "
-	 TYPE "	 4 - TRAINING	 1.2 - USE CLYDL5"
TYPE "	 5 - GCP"
TYPE "	 6 - DIGITIZE"
:	 TYPE "	 7 - USE SCRIPTO	 98 - BLANK GRAPHICS"











PAUSE	 POSITION CURSOR FOR TRAINING FIELD	 THEN RETURN
•	 CALL GETXY( INS, IYS)
INS= IAND( INS, 377K)
•	 I.YS=IAND(IYS,377YJ
.	 IVX(1) = INS
.	 IVY'(1) = IYS
.	 INS 1= INS	 .
IYS I= IYS
TYPE " CURSOR COORDS 19 INS IYS,	 ,
TYPE	 POSITION CURSOR. AT NEXT VERTEX"
•	 ACCEPT "	 ENTER 1 TO READ POSITION, 2 TO CLOSE	 ",ICLOSE
•	 REPEAT UNTIL (ICLOSE.NE .1)
.	 CALL GETXY( IX, IY)
.	 CHECK XY
.	 :	 CALL VECTOR(1, IXS, IYS, IX, IY, 1, 1)	 ;DRAW ON GRAPHICS 1
•	 TYPE "	 END PTS OF SEGMENT", INS, IYS, IX,IY
. IQ: K+1
.	 IVX(K) = IX
.	 IVY"( K) = IY
.	 INS= IX
.	 IYS= IY
-	 ACCEPT	 ENTER 1 TO READ POSITION	 2 TO CLOSE	 ",ICLOSE
.	 .FIN





• I VX(!C+ 1) = M, ( 1)
IVY( K+ 1) = IVY( 1)
.	 "=K+1
DO (IR=1,KI')
.	 IVIU IR)	 IVX( IR) /NAG+ ICOL	 .
•	 IVY( IR) = IVY( III) /PIAG+IL
IF( IVY( IR) . GT. IYNAX) IYPIA 	 IVY( IR)
•	 IF( IVY( III) . LT. IYP,IIN) IYPIIN= IVY( IR.)
•	 IF( IVX( IR) . GT. IMMX) IMAM= IVY( III)







• I START= IMIN
. IEND= IYlM
TYPE " PDX LIMITS", ISTART, IEND, I3011N, MAX
CALL R DATA( ISTART, IEND, K, IVX, IVY, 11M, NP)
CALL HIST3B(NP,3) 	 ;PUT HISTOGRAM ON GRAPHICS 3
ACCEPT " INPUT 1 FOR STATS ",ISTAT
CONTINUE










?M LJ) = Ill€ LK, LJ)
.FIN
. TYPE LK
. CALL SEQCOV(MX, 4, V, M, 1, D)
CALL PaTIMT(MI, ND, ND, 1, 51MANS )
CALL NATPRT( V, ND, ND, ND, 3HCOV)
TYPE " STATS CALCULATED FOR ".14P," POINTS"
ACCEPT " DO U WISH TO SAVE THIS SIGNATURE?I=YES
IF( ISIG.EQ. 1)
TYPE " INPUT 8 CHARACTER. NAME FOR SIGNAT3 "
.	 READ( 11, 107) NA1, NA:, NA3, NA4
FORMAT( 4A2 )
WRITE BINARY(5) NA1, NA2, NA3, NA4
.	 WRITE BINARY(5) NP,XDI, V
WRITE BINARY(3)NAI,NA.2,NA3,NA4
TRITE BINARY(3) K, IYMIN, IYDIM
. DO (KI= I,K)WRITE BINARY(3)K1, IVX(KI) , IVY(Kl)
TV-RITE,  B INARY(4) NA1 , NA2, NA3 , NA4
.	 WRITE BINARY(4) ICOUNT
.	 •	 .FIN
:..FIN
ACCEPT It HAS SIGNATURE BEEN TREATED AS U WISH?1=YES













WHILE ( I'IAG. NE. I. AND. I AG. NE. 2. AND. DJA.G. NE. 4. AND. YA,G. NE. 8)
TYPE "INCORRECT DY.4G FACTOR"




















I COLT= I COL
TYPE "INPUT 'FOP LEFT COORDS. FOR INAGE (COL, LIRE)








ACCEPT "NAGNIF ICATION FACTOR E 1, 2, 4, OR 3) ? ", PL4G
CHECKMAG-FACTOR
CALL RDING( I.L, ICOL, ICH,NAG)
...FIN
TO AL-AMI-SCREEN
ACCEPT "ALARi'k TO WHICH OVERLAY (0-3) ", IOV







PAUSE POSITION CURSOR AT UPPER. LEFT AND HIT RETURN




. TYPE "SCREEN COORDS",IR,IY
TYPE	 TAPE COORDS",ICOL,IL
ACCEPT "NAG FACTOR (I, 2, 4, OR 8) ? ", NAG
CHECK-KAG-FACTOR
CALL RD 111G( IL, ICOL, ICH,XAG)
:..FIN
TO TAKE-GCP
ACCEPT "INPUT I TO READ CURSOR POSITION ",IG
REPEAT UNTIL( IG.NE . 1)






TYPE " TAPE COORDS": ICOLK`I', ILKT










= ACCEPT "DRAW BOUNDARY ON IIHICH OVERLAY (0--3) ? ", IOV
PAUSE	 POSITION CURSOR AT START AND HIT RETURN
. GALL GETXY( Ix, I Y)
. CHECK XY
TYPE "SCREEN COORDS",IX,IY




. I Y1= IY
• I3IS= IY
. IYS= IY
. ACCEPT "ENTER: 1 TO READ POSITION, 2 TO CLOSE, 3 TO STOP °,ICLOSE
REPEAT UNTIL(ICLOSE.NE.1)
.	 CALL GETXY( I X, I Y)
. :	 CHECI^ 1IY
. CALL VECTOR( IOV. IXS, IYS, IX, IY, 1, 1)
. TYPE "LAST VERTEX AT"
t TYPE "	 SCREEN COORDS" , IX, IY
ICOLS=IX/MAG+ICOL
` ILS2= IY/MAG+IL
•	 TYPE 1 °	 TAPE COORDS",ICOLS,ILS2
: I x'S= I K
IYS= I 
• ACCEPT "ENTER: 1 TO READ POSITION, 2 TO CLOSE, 3 TO STOP ",IC%,
:..FIN





I^ IAND( IX, 377K)
IY I AM IY, 377TH)
...FINCC
TO BL.A.NK-GRAPHICS
• ACCEPT "'WHICH OVERLAY TO BLANK ? (0-3) ", IGPJ
. DO (1 = 1,16)
	
IDUM I)=0









CrtTT^T^^+FT •hTTR+TT +F +h •{r^q.TTT•S+^T^TTTTTTTT+i^TTT •i•^^T TTTTTT^TT^^T^i•i+^T•7•^^hT^Y•1+•i^^rt^
C UNPACI	 (SUBROUTINE)
C x
C UNPACKS LANDSAT GODDARD FORMAT 5:
C
C :^
C "CREATED AT NASA/JSC 	 (ASTEP)
C ..,.7 x^





CALL PITT) IO (4, 0, BUF , I STAT, IERR, NW)
IF(NW. GT . 1750) WRITE,( 10, 1)
'WRITE( 10, 2) NW
2 FOIUTA-T(2R, "# OF WORDS READ
	 15)





20 BUF (NPII = BUF( I)
DO 3 J=JS,JF
I=J-1




I I = IL/16
I2= IABS( IL--I 1x-16)
II=II+1
IF ( I2 . Ea. 8) GO TO 10




I I= I AND(BUF(I I+ IN) , 377K)
5 CONTINUE


















•	 C UNPAC4	 (SUBROUTINE) x:
C
C UNPACKS PART OF LINE INSIDE POLYGON cC ,f.
C :Y
C CREATED AT' GEORGIA. TECH EES Y
C :k
C PROGRi"MER:
	 NICKOLAS L. FAUST :;c
C x
C:kx=^kx:x`:k^:n :t:^cY^l:^:^X=:Yti:^+:Y::Y::t:^c:k:k:!: ;^::i::f:^;::l:=kx::fr;f::;.::::k:1:Yc ;:^;^i=•'.'.':k:k^:^kx:x:*•l,:^c:k^:;::f::f::t:.•;::[::;:.i:^:.4:1:;y::l:^^::l::f:^: -
SUBROUTINE UNPA04(IBUF,JBUF,JL,JR,N,M)
D IV ENS ION JBUF ( 4 , N) , IBUF M
IF(JR. GT . 810) J11=810
DO tT	 1,4)
•	 L=.(tJL-1)t2)*4+K
. LAST= L+ (JR—JL+ 1) *2
J1--I
DO (I= L, LAST, 4)
•	 •	 JBUF(K,J1)- ISHFT( IBUF(I) ,-8)









C	 UPPLT	 ( SUBROUTINE) a:
C- :k
C	 PURPOSE:
C	 GENERATES PRIORITY LIST GIVEN WEIGHTS x
C
C	 DESCRIPTION OF PARAMETERS
C
C	 INPUT
C	 CALLING SEQUENCE :t
C	 NVG — WEiGHTS, I —TH VALUE IS NUMBER OF POINTS IN I—'III
	 -^=
C	 CLUSTER




C	 PLIST — PRIORITY LIST, J—TH VALUE IS INDEX OF THE J--TH	 =K








SUBROUTINE UPPLT( PLIST, NVG, NVN)
REAL NVG,N
INTEGER. PLIST, TLIST
D I ]ENS I ON PLIST{ NWD , NVG(NWD , TL IST(20 )
DO 10 I=1,20
10 TLIST( I)=0
DO 30 L= I , NVN
N=-1
DO 20 I = 1, NVM
IF(TLIST( l) . EQ. I) GO TO 20













C CALCULATES PIXEL COORDINATES FOR ANY COUNTY PARTIALLY
C OR WHOLLY CONTAINED IN A SCENE AND WRITES RESULTS TO DISK.C ^
C SEQUENCE:	 NCOUNTY TAPE FILEC ^
C^k:k*^k:^^k:k*^^:k*x;^^k^"^^***^:k**^*:k***^^******^*:k:k^:k**^k^k:i::k^**^i:**ak***^^k:^*^:k:k:k:k*:kC
C CREATED AT GEORGIA TECH EESC
C PROGRAMMER:	 NICKOLAS L. FAUSTC
C:k:k*%k^*sir^^c^k^^sk:^*^k:k**^k:ik:k^^k5k^=is^*^k*^^:^c*:k=k^kak:k*:k:k^K:k^7k:ksi::icsk*yak*:ik*^^*:k=^:^^k:ksk*Si:sk:t^^:=K
D-114ENSION NCODE(50) , ITPMP(2, 300) , FIELD( 1?) , ISWS(2)
COMMON/DUN/IA(4100)
CALL OPEN(1, "CON. CM " , 1, IERR)
CALL COMARG(1,FIELD,ISWS,IER)
CALL CONARG( 1, FIELD, ISWS, IER)





ACCEPT "SKIP RECORDS? ",ISK
IF ( ISK. GT. 0)






•	 CALL MTDIO(2, 0, IA, IS, IE, IC)
.	 TYPE " DATA ", (IA(KK) KK 1, IC),
•	 NCOUNTY= IA(1)
•	 YI=IA( 2)*10000 .+IA€3)
.	 KI=IAM*10.000.+IA(5)









.	 IF( ITEMP( 1, J) . GT. 0. AND. ITEMP( 1, J) . LT. 4000) JSET= I
•	 IF( ITEMPt 2, J) . GT. 0. AND. ITEMP(2, J) . LT. 4000) KSET=1




.	 IF( ISET. EQ. 0)
•	 NIV=IV-I
.	 IV=1
•	 WRITE( IOU) NCOD
.	 WRITE( IOU) NIV
.	 .	 DO (K1 -1, N I V) WRITE( IOU, 200) ITEMP( 1, K1), ITEMP ( 2, K1.)
200 -	 FORMAT( IX, 215)
WRITE( IOU, 300)NCOD























































INPUT _ LANDSAT RAW DATA TAPE

























































INPUT - LANDSAT RAW DATA TAPE


























INPUT - LANDSAT RAW DATA TAPE



























INPUT - DISK FILE
OUTPUT - DATA TAPE
STRIPLESS
142
INPUT - LANDSAT RAW DATA TAPE j
















INPUT - LANDSAT RAY!
DATA TAPE

















































READ	 READ NEXT 1
CURSOR
	 CURSOR POSITION
POSITION	 j
CALL
VECTOR
CALLCLOSE
VECTOR104-14
	POLOGON?
T
•149
	
r
TRAZN3 D (Continued)
TRAIN3 (Continued)
150
^t
e
CLOSE?
t
no
STOP?
no
READ
CURSOR
POSITIW
CALL
VECTOR
TYPE OU7
SCREEN AND
COORDINAT
n
J
. 4
`oi	 c
TRAIN3 (Continued)
i h )
INPUT
OVERLAY NUMBER
READ
CURSOR
POSITION
TYPE OUT
SCREEN AND TA
COORDINATES
t	 ..
TRAIN3 (Continued)
G
c
SWAP TO SCRIPTO
FOR
WRITING TEXT
TO SCREEN
RETURN
I
SWAP TO WFM
TO CHANGE
FUNCTION MEMORY
RETURN
e
152
I J ^
SWAP TO CHCOLR
TO CHANGE
COLOR MEMORY
RETURN
a
r
t
r
RETURN
153
TRAIN3 (Continued)
K
SWAP TO FILTFR2
FOR
a
	
HIGH PASS FILTER
RETURN
L
SWAP TO CL.YDE5
FOR IMAGE
TO VERSATEC
h...
154
r^
t
r
T1iA1113 (Continued)
N
CLOSE DISK FILES
RETURN
i
C
